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PURPOSE: To reduce a silicide forming area for the 
continuity between a dual gate structure p^type impurity 
area and an n-type impurity area by providing the 
manufacture of a semiconductor device comprising a 
complementary field effect transistor. 
CONSTITUTION: The silicide forming area on a 
semiconductor layer 9 formed of silicon is covered with 
an oxidation-resistant side wall 1 2 formed by self- 
alignment, separately implant p^type and n-type 
impurities by using the oxidation-resistant side wall 12 
as a part of a mask, and dual gate patterns 1 6 and 1 7 
are formed by patterning the semiconductor layer 9. 
Then, the surfaces of the dual gate patterns 1 6 and 1 7 
are oxidized using the oxidation- resistant side wall 12 
as a mask, and the exposing surface of the 
semiconductor layer 9 is silicified by selectively 
removing the oxidation-resistant side wall 1 2. 
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15 [Claim(s)] 

[Claim 1] The manufacture method of a semiconductor device characterized by 
providing the following. The process which forms this field insulator layer (4) in the front 
face of the second semiconductor layer (3) which forms a field insulator layer (4) in the 
front face of the first semiconductor layer (2) containing the first conductivity-type 

20 impurity, and divides the first active region (5), and contains the second 
conductivity-type impurity, and divides the second active region (6). The process which 
forms a gate insulator layer (7 8) in each of the fi^ont face of the semiconductor layer 
(2) of the above first in the first active region (5) of the above, and the semiconductor 
layer (3) of the above second in the second active region (6) of the above. The process 

25 which forms the third semiconductor layer (9) which does not contain an impurity on 
the aforementioned gate insulator layer (7 8) and the aforementioned field insulator 
layer (4). By carrying out patterning of the first insulator layer (10) of the above to the 
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process which forms the first insulator layer (10) containing the second 
conductivity-type impurity on the semiconductor layer (9) of the above third The 
process in which the edge of the first insulator layer (10) of the above forms the 
pattern located between the first active region (5) of the above, and the second active 
5 region (6) of the above while exposing the front face of the aforementioned 
semiconductor layer (3) of the second active region (6) of the above. The first insulator 
layer (10) of the above by which patterning was carried out, and the process which 
forms the second oxidation-resistant insulator layer (11) on the aforementioned 
semiconductor layer (3), The process which carry out anisotropic etching of the second 

10 insulator layer (11) of the above, and the side of the first insulator layer (10) of the 
above is made to remain alternatively, and forms an oxidation-resistant sidewall (12 
12a), The first insulator layer (10) of the above and the aforementioned 
oxidation-resistant sidewall (12 12a) are used for a mask. The process which introduces 
the first conductivity-type impurity into the semiconductor layer (9) of the above third 

15 of the second active region (6) of the above. The process which diffuses the second 
conductivity-type impurity in the first insulator layer (10) of the above in the 
semiconductor layer (9) of the above third under it, and activates the second 
conductivity-type impurity in the semiconductor layer (9) of the above third. The 
process which oxidizes thermally the front face of the semiconductor layer (9) of the 

20 above third, and forms an insulator layer (15), The process which removes the 
aforementioned oxidation-resistant sidewall (12 12a), and exposes a part of front face 
of the semiconductor layer (9) of the above third. The process which forms the 
conductive pattern for the gates used as the gate electrode of an MOS transistor (16 
17) in the range which carries out patterning of the semiconductor layer (9) of the 

25 above third, and the layer on it, and results on the second active region (6) of an upper 
shell of the first active region (5). The process which forms a silicide layer (26a, 26b) in 
the front face of the aforementioned semiconductor layer. 
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[Claim 2] The manufacture method of a semiconductor device according to claim 1 
characterized by providing the following, the semiconductor layer (2) of the above first 
which uses the aforementioned conductive pattern for the gates (16 1 7) as a mask, and 
is in the first active region (5) of the above — the second conductivity-type impurity — 
5 an ion implantation and being spread — the [ the source field (S1 and S2) of the first 
and the second MOS transistor (Q1 and Q2), and ] — the process which forms a 2 
conductivity-type drain field (D12) The process which forms the third and fourth source 
fields (S3 and S4) and drain fields (D34) of an MOS transistor (Q3 and Q4) in the 
semiconductor layer (3) of the above second which uses the aforementioned conductive 

10 pattern for the gates (16 17) as a mask, and is in the second active region (6) of the 
above for the first conductivity-type impurity an ion implantation and by being spread. 
[Claim 3] an insulating sidewall (21) forms in the side attachment wall of the 
aforementioned conductive pattern for the gates (16 17) — having — the [ the 
aforementioned first conductivity-type impurity and ] — a 2 conductivity-type impurity 

15 The aforementioned source field (SI, S2, S3, and S4) and the aforementioned drain field 
(D12, D34) are the manufacture method of the semiconductor device according to claim 
2 characterized by having LDD structure by carrying out an ion implantation twice the 
formation front of this insulating sidewall (21), and after formation. 

[Claim 4] The manufacture method of a semiconductor device according to claim 1 
20 characterized by providing the following. The process which makes this third insulator 
layer (40) remain alternatively on the side of the step which met the edge of the first 
insulator layer (10) of the above among the second insulator layer (11) of the above by 
forming the third insulator layer (40) on the second insulator layer (11) before forming 
the aforementioned oxidation-resistant sidewall (12a), and carrying out anisotropic 
25 etching of this third insulator layer (40). The process which forms in the field from the 
edge of the first insulator layer (10) of the above to the third insulator layer (40) of the 
above the oxidation-resistant sidewall (12a) which consists of the second insulator 
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layer (1 1) of the above by using the pattern of the third insulator layer (40) of the above 
as a mask, and carrying out anisotropic etching of the second insulator layer (11) of the 
above. 

[Claim 5] The aforementioned electric conduction pattern for the gates (16 17) sets an 
5 interval, and is formed two. The aforementioned electric conduction pattern for the 
gates (16 17), the aforementioned first, and the second active region (5 6) with a 
different electric conduction film (24) from the material of the aforementioned silicide 
layer (26a, 26b) A wrap process, The insulator layer (15) on the aforementioned electric 
conduction film pattern for the gates of another side (17) is straddled from the silicide 

10 layer (26a) on one aforementioned electric conduction film pattern for the gates (1 6). to 
the aforementioned first of the method of an unilateral of the aforementioned electric 
conduction film pattern for the gates of another side (27), and the second active region 
(5 6) The first wiring pulled out (27), The insulator layer (15) on one aforementioned 
electric conduction film pattern for the gates (16) is straddled from the silicide layer 

15 (26b) on the aforementioned electric conduction film pattern for the gates of another 
side (17). to the aforementioned first of the side of one aforementioned electric 
conduction film pattern for the gates (16), and the second active region (5 6) The 
manufacture method of the semiconductor device according to claim 1 characterized by 
having the process which forms the second wiring (28) pulled out. 

20 [Claim 6] The manufacture method of the semiconductor device according to claim 5 
characterized by forming the contact pad (32) which consists of the aforementioned 
electric conduction film on the field where up wiring (36) is connected among the 
aforementioned first or the second active region (5 6), and the outskirts of it in case 
patterning of the aforementioned electric conduction film (24) is carried out. 

25 [Claim 7] The source field formed in the surface of the first semiconductor layer (2) of 
the both sides of the two aforementioned electric conduction patterns for the gates (16 
17) in the first active region (5) of the above (SI and S2), With a drain field (D12) and 
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the aforementioned electric conduction pattern for the gates (16 17), the first and the 
second MOS transistor (Q1 and Q2) are constituted, and it sets to the second active 
region (6) of the above. The source field formed in the surface of the semiconductor 
layer (3) of the both sides of the two aforementioned electric conduction patterns for 
5 the gates (16 17) (S3 and S4), The MOS transistor (Q3 and 04) of the first conductivity 
type is formed with a drain field (D34) and the aforementioned electric conduction 
pattern for the gates (16 17). The manufacture method of the semiconductor device 
according to claim 5 characterized by forming the flip-flop circuit of a SRAM cell by the 
aforementioned first and the second wiring (27 28) of the aforementioned first - the 
10 fourth MOS transistor (01, 02, 03, and 04). 

[Claim 8] The semiconductor layer (9) of the above third is the manufacture method of 
the semiconductor device according to claim 1 characterized by being either polycrystal 
silicon or amorphous silicon. 

[Claim 9] The aforementioned silicide layer (26a, 26b) is the manufacture method of the 
15 semiconductor device according to claim 1 by which it is being [ they / the titanium 
silicon formed of Salicide, cobalt silicon, and nickel silicon ] characterized. 
[Claim 10] The aforementioned silicide layer (26a, 26b) is the manufacture method of 
the semiconductor device according to claim 1 by which it is being [ it / an alloy with a 
refractory metal ] characterized. 
20 [Claim 11] The manufacture method of a semiconductor device characterized by 
providing the following. The process which forms a field insulator layer (4) in the front 
face of the first semiconductor layer (2 3) containing the first conductivity-type 
impurity, and divides the first active region (5) and second active region (6). The 
process which forms a silicon layer (9) on the aforementioned first and the second 
25 active region (5 6), and the aforementioned field insulator layer (4). The process which 
introduces an impurity into the aforementioned silicon layer (9). The process which 
forms the first insulator layer (15) in the front face of the aforementioned silicon layer 
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(9). and forms opening (23) in a part of this first insulator layer (15) in the field between 
the first active region (5) of the above, and the second active region (6) of the above, 
The process which forms in one the pattern for gate electrodes (16) of two MOS 
transistors (Q1 and Q3) which have the aforementioned opening (23) and are formed in 
5 the first active region (5) of the above, and the second active region (6) of the above by 
carrying out patterning of the aforementioned silicon layer (9), The process which forms 
a silicide layer (26a, 26c, 26d, 26g, 26f) in the front face of the aforementioned first of 
the method of both sides of the front face of the aforementioned silicon layer (9) in the 
aforementioned opening (23), and the aforementioned pattern for gate electrodes (16), 

10 and the second active region (5 6), By carrying out patterning of the aforementioned 
electric conduction film (24) to the process which forms the electric conduction film 
(24) which consists of a different material from the aforementioned silicide layer (26a, 
26c, 26d, 26g, 26f) The first wiring connected to the silicide layer (26a) on the 
aforementioned pattern for gate electrodes (16) (28), The second wiring connected to 

15 the silicide layer (26d) of the first active region (5) of the above (27), The process which 
forms the third wiring (27) connected to the silicide layer (26g) of the second active 
region (6) of the above, and forms a contact pad layer (32) on the formation field of the 
contact hole (35) formed on the aforementioned first and the second active region (5 6), 
and the outskirts of it simultaneously. 

20 [Claim 12] The aforementioned silicide layer (26a, 26c, 26d, 26g, 26f) is the manufacture 
method of the semiconductor device according to claim 10 characterized by being 
formed of Salicide. 

[Claim 13] The aforementioned electric conduction film (24) is the manufacture method 
of the semiconductor device according to claim 5 or 10 characterized by being 
25 constituted by a tungsten, a titanium nitride, a titanium tungsten, a polycide, and silicide. 
[Claim 14] The aforementioned pattern for gate electrodes (16) is the manufacture 
method of the semiconductor device according to claim 10 which has the first 



6 



conductivity-type impurity content field (13) and the second conductivity-type impurity 
content field (14), and is characterized by the silicide layer (26a) on the aforementioned 
pattern for gate electrodes (16) having short-circuited this first conductivity-type 
impurity content field (13) and this second conductivity-type impurity content field (14). 
[Claim 15] The semiconductor device characterized by providing the following. The field 
oxide film which surrounds the first active region (5) and second active region (6) 
among semiconductor layers (2 3) (4) The pattern for gate electrodes which was formed 
and was unified on the first active region (5) of the above, and the second active region 
(6) of the above (16) The silicide layer formed in the part on the aforementioned pattern 
for gate electrodes (1 6) (26a) The wiring which extends in the aforementioned first and 
the second active region (5 6) from the silicide layer (26a) formed on the 
aforementioned pattern for gate electrodes (16) (28). A part for a connection with the 
wiring which is formed from the electric conduction film (24) which constitutes the 
aforementioned wiring (28), and is formed in the upper layer from the aforementioned 
electric conduction film (24) among the first active region (5) of the above, and the 
second active region (6) of the above, and the contact pad formed around it (32) 
[Claim 16] The semiconductor device characterized by providing the following. The field 
oxide film which surrounds an active region (5 6) among semiconductor layers (2 3) (4) 
The gate insulator layer formed in the front face of the aforementioned semiconductor 
layer (2 3) in the aforementioned active region (5 6) (7 8) The gate electrode pattern 
which is formed on the aforementioned gate insulator layer (7 8X and is prolonged in the 
aforementioned exterior out of an active region (5 6) (16 17) The silicide layer formed in 
the part on the aforementioned gate electrode pattern (16 17) (26a. 26b), The wiring 
connected to the silicide layer (26a, 26b) on the aforementioned gate electrode pattern 
(16 17) (27 28). The contact pad which was formed from the electric conduction film 
(24) which constitutes the aforementioned wiring (27 28), and was formed on the 
contact hole formation field of the aforementioned active region (5 6), and the outskirts 



of it (32) 

[Claim 17] The semiconductor device characterized by providing the following. The field 
oxide film which surrounds the first active region (5) and second active region (6) 
among semiconductor layers (2 3) (4) The gate insulator layer in which the front face of 
5 the aforementioned semiconductor layer (2 3) of the first active region (5) of the above 
and the second active region (6) of the above was formed, respectively (7 8) The first 
gate electrode pattern (16) and the second gate electrode pattern (17) which were 
formed in parallel on the aforementioned gate insulator layer (7 8) and the 
aforementioned field oxide film (4) The silicide layer formed in opening (23) of a wrap 

10 insulator layer (15) in each the aforementioned first and second front faces of a gate 
electrode pattern (16 17) (26a, 26b), The first wiring layer connected to the impurity 
diffusion layer (SI and S2) of the first active region (5) of the above ranging over the 
gate electrode pattern (17) of the above second from the silicide layer (26a) formed on 
the gate electrode pattern (16) of the above first (28), The second wiring layer 

15 connected to the impurity diffusion layer (S3 and S4) of the second active region (6) of 
the above ranging over the gate electrode pattern (16) of the above first fi^om the 
silicide layer (26b) formed on the gate electrode pattern (17) of the above second (6), 
The contact pad which was formed from the electric conduction film (24) which 
constitutes the aforementioned first and the second wiring (27 28). and was formed on 

20 the contact hole formation field of the aforementioned active region (5 6), and the 
outskirts of it (32) 

[Claim 18] The aforementioned silicide layer (26a, 26b) is the manufacture method of 
the semiconductor device according to claim 1 5 or 1 6 characterized by being formed of 
Salicide. 

25 [Claim 19] The aforementioned electric conduction film (24) is the manufacture method 
of the semiconductor device the claim 5 characterized by being constituted by a 
tungsten, a titanium nitride, a titanium tungsten, a polycide, and silicide. 15, or 16 
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publications. 



DETAILED DESCRIPTION 

5 : 

[Detaifed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor device which has a 
complementary--type field-effect transistor, and its manufacture method in more detail 
10 about a semiconductor device and its manufacture method. 
[0002] 

[Description of the Prior Art] It is circuitry as there are some which used six MOS 
transistors as a SRAM cell, for example, shown in drawing 9 . namely, the SRAM cell — 
the p-channel load transistor Q1 and Q2 The n channel drive transistor Q3 and Q4 from 

15 — it has two becoming CMOS inverters Load transistor Q1 which constitutes one 
CMOS inverter Drive transistor 03 Each gate is the drive transistor 04 of the CMOS 
inverter of another side. Load transistor Q2 which is connected to a drain and 
constitutes the CMOS inverter of another side similarly Drive transistor Q4 Each gate 
is the drive transistor 03 of the CMOS inverter of another side. It connects with a drain. 

20 Furthermore, two drive transistors 03 and 04 Each drain is the n channel transfer 
transistor 05 and 06. It connects with the bit line BL and the reversal signal BL 
(henceforth BL bar) through two the source/drains. In addition, in calling it "the 
source/ drain", it points out the source and the portion which has which function of a 
drain (the same is said of the following explanation). 

25 [0003] Furthermore, two load transistors Q1 and 02 Voltage Vcc is impressed to each 
source and it is two drive transistors 03 and 04. Voltage Vss is impressed to each 
source. Furthermore, two transfer transistors 05 and 06 The WORD line WL is 
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connected to each gate. The superficial composition of such a SRAM cell is indicated 
by the following reference. 

[0004] (1) THOMAS E.TANG et al.. IEEE TRANSACTIONS ON ELECTRON DEVICES. 
Vol.. and ED- 34, No.3, March 1987. and pp.682-688 — this semiconductor device As 
5 shown in drawing 10 . it is the load transistor 01 and 02. The becoming first and 
second p type transistor T1, and T2 The first active region 101 of an abbreviation C 
typeface It is formed. Moreover, the drive transistor 03 and 04 The transfer transistor 
05 and 06 The first becoming to fourth n mold transistor T3 -T6 The second of L 
typeface, the third active region 102, and 103 It is formed in four bays at each. 

10 [0005] First p type transistor T1 First n type transistor T3 Each gate electrode is the 
first electric conduction pattern 1 04 which served as wiring. It is constituted. Second p 
type transistor T2 Second n type transistor T4 Second electric conduction pattern 105 
with which each gate electrode also serves as wiring It is constituted. Moreover, first p 
type transistor T1 A drain field minds the third electric conduction pattern 106. and is 

15 first n type transistor T3. It connects with a drain field electrically and is second p type 
transistor T2 further. Second n type transistor T4 Those drain fields are the fourth 
electric conduction pattern 1 07. It minds and connects mutually. 

[0006] 2 sets of CMOS inverters are constituted by these. Moreover, first electric 
conduction pattern 104 Wiring 104A prolonged from a flank is the fourth electric 

20 conduction pattern 1 07. It connects and is the second electric conduction pattern 1 05 
further. It is the third electric conduction pattern 106 similarly. It connects. The cross 
coupling of a CMOS inverter is made by these. The second and third active regions 102 
and 103 The word line WL along which it passes is the third and fourth n type 
transistors T5 and T6. It serves as the gate electrode. 

25 [0007] in addition, the first active region 101 **** — p type impurity diffusion layer 
forms in the both sides of a gate electrode — having — the second and third active 
regions 102 and 103 n type impurity diffusion layer is formed in the both sides of a gate 
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electrode inside. [ moreover, ] Furthermore, the third and fourth n type transistor T5 
and T6 It is the first, second n type transistor T3, and T4 inside. The bit line which is 
not illustrated is connected to the source / drain field which is not connected. 
[0008] By the way, p type transistor T1 which constitutes a CMOS inverter and T2 It is 
5 p type transistor T1 and T2 in order to suppress a short channel effect. Adopting a 
surface channel type is examined. In this case, generally as for the gate electrode of a 
p-channel transistor, p type impurity doped silicon is used. Therefore, the gate 
electrode which consists of silicon for connecting p type transistor and n type 
transistor which constitute CMOS needs to serve as the dual gate structure of having p 
10 type impurity introduction field and n type impurity introduction field, and needs to 
connect the boundary of these fields through a metal, silicide, etc. 

[0009] The dual gate structure has good control of striking p type impurity and n type 
impurity in any direction using a photo mask, and connecting the boundary portions of p 
type impurity range and n type impurity range by silicide is performed. Those dual gate 

15 structures are shown, for example in the following reference. 

(2) Wen-Hsing Chang et al.. IEEE TRANSACTIONS ON ELECTRON DEVICES, and Vol. 
— 39, No.4, APRIL 1992. pp.959-966(3) Bijan Davari et a!., IEEE TRANSACTIONS ON 
ELECTRON DEVICES, Vol.39, No.4, APRIL 1992, and pp. — 967-975 [0010] 
[Problem(s) to be Solved by the Invention] However, in order to carry out densification 

20 of the semiconductor device further, it is necessary to make area of the silicide as 
small as possible, and to reduction-ize dual gate structure, and this is not yet examined. 
Moreover, it is necessary to raise the alignment precision of the contact hole for 
connecting a bit line and power supply wiring with detailedHzing of a semiconductor 
device. The self aryne contact which prepares an opening pad layer on the source field 

25 of an MOS transistor or a drain field, and the outskirts of it, and connects a bit line, 
power supply wiring, etc. on it in order to secure the alignment margin It is indicated by 
(4) JP.2-2139,A. 
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[0011] However, in order to aim at self aryne contact, when forming an opening pad 
layer by the metal membrane, growing up the metal membrane which serves as an 
opening pad layer where the silicide layer of a dual gate front face is exposed has the 
problem that it is not allowed in order to bring about the short circuit of the gate, and 
5 the source and a drain, this invention is made in view of such a problem, and the silicide 
formation field for making it flow through p type impurity range and n type impurity 
range of dual gate structure is made small, and moreover, it aims at offering the 
semiconductor device which can form the opening pad layer for connection of power 
supply wiring or a bit line, and its manufacture method, without connecting with the 
10 silicide too hastily. 
[0012] 

[Means for Solving the Problem] 

(1) The above-mentioned technical problem forms the field insulator layer 4 in the front 
face of the first semiconductor layer 2 containing the first conductivity-type impurity, 

15 and divides the first active region 5 so that it may illustrate to drawing 1 -6. And the 
process which forms this field insulator layer 4 in the front face of the second 
semiconductor layer 3 containing the second conductivity-type impurity, and divides 
the second active region 6, The process which forms the gate insulator layers 7 and 8 
in each of the front face of the semiconductor layer 2 of the above first in the first 

20 active region 5 of the above, and the semiconductor layer 3 of the above second in the 
second active region 6 of the above. The process which forms the third semiconductor 
layer 9 which does not contain an impurity on the aforementioned gate insulator layers 
7 and 8 and the aforementioned field insulator layer 4, By carrying out patterning of the 
first insulator layer 10 of the above to the process which forms the first insulator layer 

25 10 containing the second conductivity-type impurity on the semiconductor layer 9 of 
the above third The process in which the marginal part of the first insulator layer 10 of 
the above forms the pattern located between the first active region 5 of the above, and 
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the second active region 6 of the above while exposing the front face of the 
aforementioned semiconductor layer 3 of the second active region 6 of the above, The 
first insulator layer 10 of the above by which patterning was carried out, and the 
process which forms the second oxidation-resistant insulator layer 11 on the 
5 aforementioned semiconductor layer 3, The process which carry out anisotropic etching 
of the second insulator layer 11 of the above, and the side of the first insulator layer 10 
of the above is made .to remain alternatively, and forms the oxidation-resistant 
sidewalls 1 2 and 1 2a, The first insulator layer 1 0 of the above and the aforementioned 
oxidation-resistant sidewalls 12 and 12a are used for a mask. The process which 

10 introduces the first conductivity-type impurity into the semiconductor layer 9 of the 
above third of the second active region 6 of the above. The process which diffuses the 
second conductivity-type impurity in the first insulator layer 10 of the above in the 
semiconductor layer 9 of the above third under it, and activates the second 
conductivity-type impurity in the semiconductor layer 9 of the above third, The process 

15 which oxidizes thermally the front face of the semiconductor layer 9 of the above third, 
and forms an insulator layer 15, The process which removes the aforementioned 
oxidation-resistant sidewalls 12 and 12a, and exposes a part of front face of the 
semiconductor layer 9 of the above third. The process which forms the conductive 
patterns 16 and 17 for the gates used as the gate electrode of an MOS transistor in the 

20 range which carries out patterning of the semiconductor layer 9 of the above third, and 
the layer on it, and results on the second active region 6 of an upper shell of the first 
active region 5, It solves by the manufacture method of the semiconductor device 
characterized by having the process which forms the silicide layers 26a and 26b in the 
front face of the aforementioned semiconductor layer. 

25 [0013] The second conductivity-type impurity in the semiconductor layer 2 of the 
above first which uses the aforementioned conductive patterns 1 6 and 1 7 for the gates 
as a mask, and is in the first active region 5 of the above (2) An ion implantation and by 
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being spread The first and second MOS transistor Q1, and Q2 The source field SI and 
S2 The process which reaches and forms the second conductivity-type drain field D12. 
The first conductivity-type impurity in the semiconductor layer 3 of the above second 
which uses the aforementioned conductive patterns 1 6 and 1 7 for the gates as a mask, 
5 and is in the second active region 6 of the above an ion implantation and by being 
spread The third and fourth MOS transistors Q3 and Q4 The source field S3 and S4 
And it solves by the manufacture method of the semiconductor device of (1) 
characterized by having the process which forms the drain field D34. 
[0014] (3) the insulating sidewall 21 forms in the side attachment wall of the 

10 aforementioned conductive patterns 16 and 17 for the gates — having — the [ the 
aforementioned first conductivity-type impurity and ] — the ion implantation of the 2 
conductivity-type impurity is twice carried out the formation front of this insulating 
sidewall 21. and after formation — the aforementioned source fields SI, S2, and S3 and 
S4 And the aforementioned drain fields D12 and D34 are solved by the manufacture 

15 method of the semiconductor device of (2) characterized by having LDD structure. 

[0015] (4) By forming the third insulator layer 40 on the second insulator layer 11, 
before forming the aforementioned oxidation-resistant sidewall 12a, and carrying out 
anisotropic etching of this third insulator layer 40 The process which makes this third 
insulator layer 40 remain alternatively on the side of the step which met the marginal 

20 part of the first insulator layer 1 0 of the above among the second insulator layer 1 1 of 
the above. By using the pattern of the third insulator layer 40 of the above as a mask, 
and carrying out anisotropic etching of the second insulator layer 1 1 of the above It 
solves by the manufacture method of the semiconductor device of (1) characterized by 
having the process which forms in the field from the marginal part of the first insulator 

25 layer 10 of the above to the third insulator layer 40 of the above oxidation-resistant 
sidewall 12a which consists of the second insulator layer 11 of the above. 
[0016] (5) The aforementioned electric conduction patterns 16 and 17 for the gates set 
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an interval, and are formed two. The aforementioned electric conduction patterns 16 
and 17 for the gates, the aforementioned first, and the second active region 5 and 6 
with a different electric conduction film 24 from the material of the aforementioned 
silicide layers 26a and 26b A wrap process. The first wiring 27 pulled out ranging over 
the insulator layer 1 5 on the aforementioned electric conduction film pattern 1 7 for the 
gates of another side to the aforementioned first of the method of an unilateral of the 
aforementioned electric conduction film pattern 27 for the gates of another side, and 
the second active region 5 and 6 from silicide layer 26a on one aforementioned electric 
conduction film pattern 16 for the gates, The insulator layer 15 on one aforementioned 
electric conduction film pattern 1 6 for the gates is straddled from silicide layer 26b on 
the aforementioned electric conduction film pattern 1 7 for the gates of another side, to 
the aforementioned first of the side of one aforementioned electric conduction film 
pattern 16 for the gates, and the second active region 5 and 6 It solves by the 
manufacture method of the semiconductor device of (1) characterized by having the 
process which forms the second wiring 28 pulled out. 

[0017] (6) In case patterning of the aforementioned electric conduction film 24 is 
carried out, solve by the manufacture method of the semiconductor device of (5) 
characterized by forming the contact pad 32 which consists of the aforementioned 
electric conduction film on the field where the up wiring 36 is connected among the 
aforementioned first or the second active region 5 and 6, and the outskirts of it. 
(7) The source field SI formed in the surface of the first semiconductor layer 2 of the 
both sides of the two aforementioned electric conduction patterns 1 6 and 1 7 for the 
gates in the first active region 5 of the above, and S2, It is the first and second MOS 
transistor Q1, and Q2 by the drain field D12 and the aforementioned electric conduction 
patterns 16 and 17 for the gates. It is constituted and sets to the second active region 
6 of the above. The source field S3 formed in the surface of the semiconductor layer 3 
of the both sides of the two aforementioned electric conduction patterns 1 6 and 1 7 for 
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the gates, and S4, It is MOS transistor Q3 of the first conductivity type, and Q4 by the 
drain field D34 and the aforementioned electric conduction patterns 1 6 and 1 7 for the 
gates. It is formed. It is the aforementioned first - fourth MOS transistor Q1 and Q2. Q3, 
and Q4 by the aforementioned first and the second wiring 27 and 28. It attains by the 
5 manufacture method of the semiconductor device of (5) characterized by forming the 
flipmop circuit of a SRAM cell. 

[0018] (8) Attain the semiconductor layer 9 of the above third by the manufacture 
method of the semiconductor device of (1) characterized by being either polycrystal 
silicon or amorphous silicon. 
10 (9) Attain the aforementioned silicide layers 26a and 26b by the manufacture method of 
the semiconductor device of (1) by which it is being [ they / the titanium silicon formed 
of Salicide, cobalt silicon, and nickel silicon ] characterized. 

[0019] (10) Solve the aforementioned silicide layers 26a and 26b by the manufacture 
method of the semiconductor device of (1) by which it is being [ it / an alloy with a 

15 refractory metal ] characterized. 

(11) The process which forms the field insulator layer 4 in the front face of the first 
semiconductor layer 2 and 3 containing the first conductivity-type impurity, and divides 
the first active region 5 and second active region 6, The aforementioned first and the 
second active region 5 and 6, and the process that forms the silicon layer 9 on the 

20 aforementioned field insulator layer 4, The process which introduces an impurity into 
the aforementioned silicon layer 9, and the process which forms the first insulator layer 
15 in the front face of the aforementioned silicon layer 9, and forms opening 23 in a 
part of this first insulator layer 15 in the field between the first active region 5 of the 
above, and the second active region 6 of the above. Two MOS transistors 01 which 

25 have the aforementioned opening 23 and are formed in the first active region 5 of the 
above, and the second active region 6 of the above by carrying out patterning of the 
aforementioned silicon layer 9, and 03 The process which forms the pattern 1 6 for gate 
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electrodes in one. The process which forms the silicide layers 26a, 26c, 26d, 26g, and 
26f in the front face of the aforementioned first of the method of both sides of the 
front face of the aforementioned silicon layer 9 in the aforementioned opening 23, and 
the aforementioned pattern 16 for gate electrodes, and the second active region 5 and 
5 6, By carrying out patterning of the aforementioned electric conduction film 24 to the 
process which forms the electric conduction film 24 which consists of a different 
material from the aforementioned silicide layers 26a, 26c, 26d, 26g, and 26f The first 
wiring 28 connected to silicide layer 26a on the aforementioned pattern 16 for gate 
electrodes, The second wiring 27 connected to 26d of silicide layers of the first active 

10 region 5 of the above. The third wiring 27 connected to 26g of silicide layers of the 
second active region 6 of the above is formed. It attains by the manufacture method of 
the semiconductor device characterized by having the process which forms the contact 
pad layer 32 on the formation field of the contact hole 35 formed on the 
aforementioned first and the second active region 5 and 6, and the outskirts of it 

15 simultaneously. 

[0020] (12) Solve the aforementioned silicide layers 26a, 26c, 26d, 26g, and 26f by the 
manufacture method of the semiconductor device of (10) characterized by being formed 
of Salicide. 

(13) Solve the aforementioned electric conduction film 24 by the manufacture method 
20 of the semiconductor device of (5) characterized by being constituted by a tungsten, a 
titanium nitride, a titanium tungsten, a polycide, and silicide, or (10). 

[0021] (14) The aforementioned pattern 16 for gate electrodes has ^the first 
conductivity^ype impurity content field 13 and the second conductivity— type impurity 
content field 1 4, and solves silicide layer 26a on the aforementioned pattern 1 6 for gate 
25 electrodes by the manufacture method of the semiconductor device of (10) 
characterized by having short-circuited this first conductivity-type impurity content 
field 1 3 and this second conductivity-type impurity content field -1 4. 
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[0022] (15) The field oxide film 4 which surrounds the first active region 5 and second 
active region 6 among the semiconductor layers 2 and 3, The pattern 16 for gate 
electrodes which was formed and was unified on the first active region 5 of the above, 
and the second active region 6 of the above, Silicide layer 26a formed in the part on the 
5 aforementioned pattern 16 for gate electrodes, The wiring 28 which extends in the 
aforementioned first and the second active region 5 and 6 from silicide layer 26a formed 
on the aforementioned pattern 16 for gate electrodes, It is formed from the electric 
conduction film 24 which constitutes the aforementioned wiring 28. It solves with the 
semiconductor device characterized by having a part for a connection with the wiring 
10 formed in the upper layer rather than the aforementioned electric conduction film 24 
among the first active region 5 of the above, and the second active region 6 of the 
above, and the contact pad 32 formed around it. 

[0023] (16) The field oxide film 4 which surrounds active regions 5 and 6 among the 
semiconductor layers 2 and 3, The gate insulator layers 7 and 8 formed in the front face 

15 of the aforementioned semiconductor layers 2 and 3 in the aforementioned active 
regions 5 and 6, The gate electrode patterns 16 and 17 which are formed on the 
aforementioned gate insulator layers 7 and 8, and are prolonged in the aforementioned 
active region 5 and the exterior out of six, The silicide layers 26a and 26b formed in the 
part on the aforementioned gate electrode patterns 16 and 17, The wiring 27 and 28 

20 connected to the aforementioned gate electrode pattern 1 6 and the silicide layers 26a 
and 26b on 17, It solves with the semiconductor device characterized by having the 
contact pad 32 which was formed from the electric conduction film 24 which 
constitutes the aforementioned wiring 27 and 28, and was formed on the contact hole 
formation field of the aforementioned active regions 5 and 6, and the outskirts of it. 

25 [0024] (17) The field oxide film 4 which surrounds the first active region 5 and second 
active region 6 among the semiconductor layers 2 and 3, The gate insulator layers 7 and 
8 in which the front face of the aforementioned semiconductor layers 2 and 3 of the 
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first active region 5 of the above and the second active region 6 of the above was 
formed, respectively, The first gate electrode pattern 1 6 and the second gate electrode 
pattern 1 7 which were formed in parallel on the aforementioned gate insulator layers 7 
and 8 and the aforementioned field oxide film 4, The silicide layers 26a and 26b formed 
5 in the opening 23 of the wrap insulator layer 1 5 in each the aforementioned first and 
second front faces of the gate electrode patterns 16 and 17, The gate electrode 
pattern 1 7 of the above second is straddled from silicide layer 26a formed on the gate 
electrode pattern 16 of the above first, and it is the impurity diffusion layer SI of the 
first active region 5 of the above, and S2. The first wiring layer 28 connected. The gate 

10 electrode pattern 16 of the above first is straddled from silicide layer 26b formed on the 
gate electrode pattern 1 7 of the above second, and they are the impurity diffusion layer 
S3 of the second active region 6 of the above, and S4. The second wiring layer 6 
connected. It solves with the semiconductor device characterized by having the contact 
pad 32 which was formed from the electric conduction film 24 which constitutes the 

15 aforementioned first and the second wiring 27 and 28. and was formed on the contact 
hole formation field of the aforementioned active regions 5 and 6, and the outskirts of it 
[0025] Or the aforementioned silicide layers 26a and 26b are solved by the manufacture 
method of the semiconductor device of (15) characterized by being formed of Salicide, 
or (16). 

20 (19) Solve the aforementioned electric conduction film 24 by the manufacture method 
of a semiconductor device (5) characterized by being constituted by a tungsten, a 
titanium nitride, a titanium tungsten, a polycide, and silicide. (15), or given in (16). 
[0026] 

[For ** ] According to this invention, the silicide formation field of the semiconductor 
25 layer which consists of silicon by the oxidation-resistant sidewall formed in the 
self-adjustment target is covered, p type and an n type impurity are had good control of 
striking in any direction on some masks using this oxidation-resistant sidewall. After 
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carrying out patterning of the semiconductor layer furthermore and forming a dual gate 
pattern The front face of a dual gate pattern is oxidized on a mask using an 
oxidation-resistant sidewali, and itis [ silicide-] made toize the front face of the 
semiconductor layer exposed by subsequently removing an oxidation-resistant sidewall 
5 alternatively. 

[0027] Therefore, at the dual gate, since the width of face of the silicideHzed field 
becomes very narrow, reductionHzation of the dual gate will be attained and 
detailed-ization of a SRAM cell will progress further. And since the oxidation-resistant 
sidewall formed in a self^adjustment target is used as an oxidation-resistant mask used 

10 in case some masks used in case impurity ion is injected into a semiconductor layer, 
and a part of front face of a semiconductor layer are oxidized thermally, a throughput 
improves compared with the case where a mask is formed by photo lithography. 
[0028] Moreover, according to another this invention, the contact pad arranged to the 
field which is going to form a contact hole among active regions is formed from the 

15 electric conduction film which constitutes the wiring connected to the silicide layer 
which appears in the front face of the gate electrode pattern of the MOS transistor 
formed in an active region. Since only a distance predetermined in a contact pad and a 
silicide layer is then isolated, risk of both connecting too hastily is avoided, and in order 
to form a contact pad, moreover, it is not necessary to add a new process. 

20 [0029] 

[Example] 

(The 1 St example) The manufacturing process of the SRAM cell which equipped below 
with the CMOS inverter concerning the example of this invention is explained. The plan 
in which drawing 1 and drawing 2 show the manufacturing process of a SRAM cell, 
25 drawing 3 - drawing 5 are drawing 1 (a) about the manufacturing process. The cross 
section and drawing 6 which show the manufacturing process seen fi^om the A-A line 
cross section are drawing 1 (a) about the manufacturing process. It is the cross section 
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showing the manufacturing process seen from the B-B line cross section. 
[0030] First, a process until it divides the active region in which an MOS transistor is 
formed is explained Drawing 1 (a) The N well 2 and the P well 3 are formed in the 
semiconductor substrate 1 which consists of silicon so that it may be shown. The field 
5 insulator layer 4 which consists of Si02 is formed in the front face of the N well 2 and 
P well 3 by the selective oxidation method. In the N well 2, the first active region 5 of 
an abbreviation T typeface is divided for a flat surface by the field insulator layer 4, and 
the second active region 6 of an abbreviation U typeface is divided for the flat surface 
by the field insulator layer 4 in the P well 3. The first and the second active region 5 
10 and 6 serve as physical relationship with which the bottom of U characters and the 
head of T characters set an interval and which they face. 

[0031] In addition, the load transistor Q1 of SRAM shown in the first active region 5 
according to the following processes at drawing 9 and Q2 Two becoming p type MOS 
transistors are formed, and it is the drive transistor Q3, Q4. the transfer transistor Q5. 

15 and Q6 in the second active region 6. Four becoming n type MOS transistors will be 
formed. Next, it goes into the formation process of the electric conduction film used as 
the dual gate electrode of a CMOS inverter. Drawing 3 (a) After defecating the front 
face of the N well 2 exposed from the first and the second active region 5 and 6, and 
the P well 3 by fluoric acid etc. so that it may be shown, the gate insulator layers 7 and 

20 8 which oxidize the front face thermally and consist of Si02 are formed in the thickness 
of 50-1 OOA. 

[0032] Then, amorphous or the silicon layer (semiconductor layer) 9 of a polycrystal is 
grown up to be the thickness of 1 500-2500A by CVD on the field insulator layer 4, the 
first, and the second active re^on 5 and 6, and the BSG (boro-silicate glass) film 10 is 
25 further grown up to be the thickness of 1000-4000A. In the BSG film 10, boron is 
1x1020 atoms/cm3 as a p type impurity. It is contained by concentration. 
[0033] To next, it is drawing 3 (b). Patterning of the BSG film 10 is carried out by the 
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photo lithography method, and the BSG film 10 is removed from the field in which the P 
well 3 is formed so that it may be shown. The edge of the BSG film 10 by which 
patterning was carried out is made into a stair-like flat-surface configuration which 
crosses the boundary line L of the N well 2 and the P well 3. Then, drawing 3 (c) The 
5 silicon nitride 11 is grown up to be the thickness of 1000-2000A on the BSG film 10 
and the silicon layer 9 by CVD, and, subsequently to a perpendicular direction, the 
silicon nitride 1 1 is mostly **********ed by the reactive-ion-etching (RIE) method so 
that it may be shown. The etchant is for example, Freon system gas. 
[0034] Thereby, the silicon nitride 11 is made to remain alternatively on the side of the 

10 edge of the BSG film 1 0 which crosses the boundary line L of the N well 2 and the P 
well 3. Let this silicon nitride 10 be the oxidation-resistant and insulating sidewall 12. 
Following on this, the flat-surface configuration of the sidewall 1 2 of the side of the 
BSG film 10 is drawing 1 (b). It becomes the shape of a stairway as shown. Then, the 
BSG film 10 and a sidewall 12 are used for a mask, and the ion implantation of arsenic 

15 or an n type impurity like phosphorus is carried out to the management of the silicon 
layer 9 which exists in the P well 3 side. Furthermore, since n type impurity injected 
into the silicon layer 9 is activated and the boron in the BSG film 10 is diffused in the 
silicon layer 9 under it, the BSG film 10 and the silicon layer 9 are heated at the 
temperature of about 900 degrees C. Thereby, the silicon layer 9 under the BSG film 10 

20 is high-impurity-concentration 1x1020 atoms/cm3. The silicon layer 9 of the field by 
which turned into p type impurity range 13, and the ion implantation was carried out is 
high-impurity-concentration 1x1020 atoms/cm3. It becomes n type impurity range 14. 
In this case, in the field covered by the sidewall 1 2 among the silicon layers 9. p type 
and an n type impurity are spread, and pn junction is formed. 

25 [0035] Then, drawing 4 (a) After buffer fluoric acid removes the BSG film 10 
alternatively so that it may be shown, the front face of the silicon layer 9 is oxidized 
thermally on an oxidation-resistant mask using a sidewall 12, and Si02 film (insulator 
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layer) 15 of 500^1 OOOA of thickness is formed. In this case, since Si02 film 15 is not 
formed in the bottom of a sidewail 12, the opening 23 of Si02 film 15 will be formed 
here simultaneously. 

[0036] In addition, you may activate simultaneously n type impurity in diffusion and the 
5 silicon layer 9 of p type impurity to the silicon layer 9 from the BSG film 10 described 
above at the time of this thermal oxidation. In this case, the BSG film 10 will be left on 
the silicon layer 9 as it is, without removing. Next, it goes into the patterning process of 
the dual gate of an MOS transistor. 

[0037] Drawing 1 (c) And drawing 4 (b) Patterning of Si02 film 15 and sidewail 12 the 
10 silicon layer 9 and on it is carried out by the photo lithography method so that it may be 
shown. This separates and forms the dual gate patterns 1 6 and 1 7 of the two shape of 
a stripe which passes along the first active region 5 and second active region 6. These 
stripe patterns 1 6 and 1 7 are arranged so that the field corresponding to the underline 
of U characters of the second active region 6 may be straddled while going direct and 
15 passing through the field corresponding to the horizontal line of T characters of the 
first active region 5. 

[0038] In case such dual gate patterns 1 6 and 1 7 are formed, simultaneously, it passes 
along the field corresponding to two vertical lines of U characters among the second 
active region 6, and, moreover, the WORD line pattern 18 prolonged in the direction 

20 which intersects perpendicularly with the dual gate patterns 16 and 17 is formed. The 
portion which laps with the first active region 5 among the dual gate patterns 1 6 and 1 7 
is the load transistor Q1 shown in drawing 9 , and Q2. The portion which functions as a 
gate electrode and laps with the second active region 6 is the drive transistor Q3 and 
Q4. It functions as a gate electrode. Furthermore, the portion which laps with the 

25 second active region 6 among the WORD line patterns 18 is the transfer transistor Q5 
and 06. It functions as a gate electrode. 

[0039] In addition, drawing 1 (c) It sets and two WORD line patterns 18 and 19 are 
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formed This is because another active region which has the same function as the 
second active region 6 is continued and formed in the second active region 6, and the 
WORD line 19 of another SRAM cell is formed there. Next, it goes into the process 
which forms the source field of the LDD structure of an MOS transistor, and a drain 
5 field 

[0040] Drawing 4 (b) The ion implantation of a p type impurity like boron is carried out 
to the first active region 5, and shallow p type impurity diffusion layer 20p of a source 
field and a drain field is formed so that it may be shown, the high impurity concentration 
— 1x1018 to 1x1019 atoms/cm3 it is . Furthermore, the ion implantation of arsenic and 

10 an n type impurity like phosphorus is carried out to the second active region 6, and 20n 
of shallow n type impurity diffusion layers is formed, the high impurity concentration — 
1x1018 to 1x1019 atoms/cm3 it is . In case the ion implantation of such p types and 
the n type impurity is carried out, the field insulator layer 4, the dual gate patterns 16 
and 17, and the WORD line patterns 18 and 19 are used as a mask. 

15 [0041] Then, after forming an insulator layer like Si02 in the whole by CVD at the 
thickness of 1000A, it is drawing 2 (a). Abbreviation perpendicular etching of this 
insulator layer is carried out by the RIE method, and the insulating side wall 21 is formed 
in the side of the dual gate patterns 16 and 17 and the WORD line patterns 18 and 19 
so that it may be shown. Thereby, in each upper surface and side of the dual gate 

20 patterns 16 and 17 and the WORD line patterns 18 and 19, it will be covered by the 
insulator layer. 

[0042] And the dual gate patterns 16 and 17, the WORD line patterns 18 and 19, the 
field insulator layer 4, and a sidewall 21 are used for a mask, and the ion implantation of 
a p type impurity like boron is carried out to the first active region 5. and the ion 
25 implantation of an n type impurity like phosphorus is carried out to the second active 
region 6, and it is drawing 4 (c) to those fields, p type impurity diffusion layer 22p and 
22n of n type impurity diffusion layers as shown are formed deeply, in this case, the 
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high impurity concentration of p type impurity diffusion layer 22p — the high impurity 
concentration of 1x1020 atoms/cm3 and 22n of n type impurity diffusion layers — 
1x1020 atoms/cm3 it is . 

[0043] In addition, in having good control of striking the impurity of p type and n type in 
5 any direction, it uses as a mask the pattern of the photoresist which is not illustrated. 
The source field of LDD structure and a drain field are constituted by the above n type 
nonproliferation layers 20n and 22n and p type impurity diffusion layers 20n and 22p. 
and the formation process of an MOS transistor finishes. Thereby, it is the load 
transistor Q1, Q2, the drive transistor Q3. and Q4. And the transfer transistor Q5 and 
10 Q6 It exists in the second active region 5 and 6 for a start ( drawing 2 (a)). 

[0044] Heat phosphoric acid removes the dual gate pattern 16 and the sidewall 12 
which consists of a silicon nitride on 17. next, by this <A 
HREF="/Tokujitu/tjitemdrw.ipdl?N0000=237&N0500=1E_N/;?8= 

<>?;;///&N0001=177&N0552=9&N0553=000004" TARGET="tjitemdrw"> drawing 2 (b) 
15 Opening of the opening 23 for exposing the silicon layer 9 of the dual gate patterns 16 
and 1 7 is carried out so that it may be shown. In addition, you may perform removal of 
the sidewall 12 which consists of a silicon nitride immediately after oxidizing the front 
face of the silicon layer 9 and forming Si02 film 1 5. 

[0045] Next, it goes into the process which forms a silicide layer in the front face of a 
20 silicon layer with the Salicide technology. Drawing 5 (a) Drawing 6 (a) After forming the 
metal membrane 25 of Co, Ti, and nickel and others by the spatter so that it may be 
shown, and each transistor may be covered, the metal membrane 25 is heated at 
600-700 degrees C. Thereby, it is drawing 2 (b). Drawing 5 (a) Drawing 6 (a) So that it 
may be shown The front face of the portion exposed from the opening 23 of the silicon 
25 layers 9 which constitute the dual gate patterns 16 and 17, The metal silicide layers 
26a-26j are formed in the front face of the silicon layer in the first which is not covered 
by the dual gate patterns 16 and 17 and the WORD line patterns 18 and 19 and the 
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second active region (the source / drain field) 5 and 6, respectively. There are Ti, Co, 
and nickel as a metal membrane 25, and the silicide is TiSi, CoSi, and NiSi. It can come, 
and is alike, then is drawing 5 (b). Drawing 6 (b) It is H202+H2S04 so that it may be 
shown. Silicon and the metal membrane 25 which did not react are alternatively 
5 removed by the wet etching method by mixed liquor. If required, you may add the 2nd 
heat treatment after that. 

[0046] Thereby, the dual gate pattern 16, and p type impurity range 13 and n type 
impurity range 1 4 in 1 7 are connected through Silicide 26a and 26b, and the dual gate is 
completed. Next, it moves to the formation process of the proximity wiring which 
10 connects MOS transistors, and the formation process of the contact pad connected to 
power supply wiring, bit wiring, etc. 

[0047] After forming the electric conduction films 24, such as wraps TiW, TiN. and W, a 
polycide, and silicide, for an MOS transistor by PVD, CVD, etc., patterning of this 
electric conduction film 24 is carried out by photo lithography. Thereby, it is drawing 2 

15 (c). So that it may be shown While forming the wiring 27 (28) for connecting the drain 
field D1 (D2) of the load transistor Q1 (02), and the drain field D3 (D4) of the drive 
transistor Q3 (Q4), and constituting 2 sets of CMOS Inverters Those wiring 27 (28) is 
delayed over the dual gate pattern 16 of the MOS inverter of self (17) to silicide layer 
26b (26a) of the dual gate pattern 17 of the next CMOS inverter (16), and cross 

20 coupling is performed. Simultaneously, it is two load transistors 01 and 02. The 
common source field SI 2 and its circumference. Two drive transistors 03 and 04 The 
common source field S34 and its circumference, A bit line BL, the transfer transistor 
05 to which BL bar is connected, and 06 The source / drain fields 5 SD [ SD and ] 6 
And the contact pads 30-33 are formed in the circumference, respectively (refer to 

25 drawing 6 (c)). 

[0048] Although some of these contact pads 30-33 lap with some of dual gate patterns 
16 and 17 or WORD line patterns 18 and 19, they do not contact soon. It is because 
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insulator layers 15 and 21 are formed in the dual gate patterns 16 and 17 or the WORD 
line patterns 18 and 19. After finishing formation of the wiring which connects them with 
formation of six MOS transistors which constitute a SRAM cell as mentioned above, it 
moves to the connection process of a bit line and power supply wiring. 
5 [0049] drawing 6 (d) after carrying out patterning of the first layer insulation film 34a by 
the photo lithography method after covering an MOS transistor by layer insulation film 
34a which consists of a CVD film so that it may be shown, and forming a contact hole 
(un-illustrating) — a layer insulation film 34a top — a tungsten, aluminum, etc. — an 
eye metal membrane is further formed by the spatter, patterning of this is carried out 

10 and power supply wiring is formed 

[0050] Next, after covering power supply wiring by second layer insulation film 34b, 
patterning of the first and second layer insulation films 34a and 34b is carried out, and it 
is two transfer transistors Q5 and 06. The source / drain fields 5 SD [ SD and ] 6 A 
contact hole 35 is formed in the field which is going to connect a bit line BL and BL bar 

15 inside. In this case, the contact pad 32 is formed in the bottom of the field which is 
going to form a contact hole 35, and a part of the contact pad 32 is the source / drain 
fields 5 SD [ SD and ] 6. Since it connects, the margin of alignment, such as an 
exposure mask in the case of contact hole formation, is secured. 

[0051] A two-layer eye metal is formed a second layer insulation film 34b top and in a 
20 contact hole 35, after forming a beer hall and a contact hole 35. par NINGU of this is 
carried out and a bit line 38 is formed, and it lets a VIYA hole and a contact hole 35 
pass, and they are the source / drain fields 5 SD [ SD and ] 6 of a transfer transistor. It 
connects. In addition, two drive transistors 03 and 04 It is Vss power supply wiring 
similarly through a contact hole 36 in the common source field S34 top Two load 
25 transistors 05 and 06 On the common source field SI 2, Vcc power supply wiring is 
formed by the aforementioned 1st layer metal membrane through a contact hole 37 
(drawing 2 (c)). 
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[0052] Since the contact pads 30 and 31 are formed in the bottom of those contact 
holes 36 and 37 as described above, a leeway is given in the alignment at the time of 
forming contact holes 36 and 37. By the way, as described above, since the silicide 
layers 26a and 26b of the upper surface of the dual gate patterns 1 6 and 1 7 are formed 
in the field to which the sidewall 12 with the narrow width of face formed in the 
self^adjustment target was removed, the area of the silicide layers 26a and 26b 
becomes very narrow with about 0.2x0.3 micrometers. Consequently, even if only the 
part to which the area of the silicide layers 26a and 26b became small makes small 
distance between the first active region 5 and the second active region 6, the trouble of 
it is lost to element formation. This means that detailed-ization of a SRAM cell 
progresses further. 

[0053] Moreover, forming the oxidation-resistant pattern formed on the silicide layers 
26a and 26b of the dual gate patterns 16 and 17 by photo lithography is also considered. 
However, according to the photo lithography, since the formation process of a resist 
pattern will be added, it will be necessary to secure alignment margins, such as a photo 
mask, and there is un-arranging [ that a pattern becomes large ]. However, it becomes 
an effective method when it is not necessary to adhere to the dual gate (i.e., when it is 
a single gate). 

[0054] In the above-mentioned explanation, although the manufacturing process of one 
SRAM cell was explained, in a semiconductor memory, many SRAM cells are formed on 
a substrate. In addition, although patterning of the BSC film 10 is carried out and it was 
made to expose the silicon layer 9 of the second active region 5 in the 
above-mentioned explanation, a PSG film (un-illustrating) is formed instead of the BSG 
film 10, patterning of this PSG film is carried out, and you may make it expose the 
silicon layer 9 by the side of the first active region 5. In this case, while diffusing Lynn 
in the silicon layer 9 from the PSG film, the ion of B and BF2 is poured in and diffused 
in the silicon layer 9 which is not covered by the PSG film. In this case, a sidewall 12 is 
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formed in the side attachment wall of a PSG film. 

In (the 2nd example) and the process which forms the silicide layers 26a and 26b in the 
boundary of p type impurity range 1 3 of the dual gate patterns 1 6 and 1 7. and n type 
impurity range 1 4 in time, the counter diffusion of p type impurity in the boundary and n 
5 type impurity is large, and is sometimes inadequate. [ of just the area of the 
above-mentioned sidewall 1 2 ] In such a case, the following processes are adopted. 
[0055] First, drawing 3 (b) After being in the state which shows, it is drawing 7 (a). The 
laminating of the silicon nitride 11 is carried out on the BSG film 10 and the 
semiconductor layer 9 so that it may be shown. Furthermore, the film 40 which can 

10 change the silicon nitride 1 1 and etch selectivity, for example, a PSG film, is formed on 
the silicon nitride 1 1 . Thickness of this PSG film 40 is made into the double-precision 
grade of each diffusion length of p type impurity and n type impurity, for example, the 
thickness of 5000A. Since stress is small, even if the PSG film 40 thickens thickness, it 
does not have a bad influence. 

15 [0056] Next, drawing 7 (b) Anisotropic etching of the PSG film 40 is carried out to an 
abbreviation perpendicular direction by the RIE method, and, thereby, the PSG film 40 is 
made to remain only on the side of the level difference of the silicon nitride 1 1 
produced around the marginal part of the BSG film 10 so that it may be shown. And 
when the PSG film 40 by which patterning was carried out is used as a mask and the 

20 silicon nitride 11 is **********ed, it is drawing 7 (c). Sidewall 12a which consists of a 
silicon nitride 1 1 is formed in the side of the BSG film 10 so that it may be shown. 
[0057] According to the process explained in the 1 st example, an impurity is introduced 
into the silicon layer 9 and p type impurity range 13 and n type impurity range 14 are 
formed next. Subsequently, after removing the BSG film 10, it is drawing 7 (c). The front 

25 face of the silicon layer 9 which is not covered by sidewall 1 2a is oxidized, and Si02 film 
15 is formed so that it may be shown. Patterning of the silicon layer 9 is carried out, 
the dual gate patterns 16 and 17 are formed, after removing sidewall 12a continuously 



29 



or removing sidewall 12a previously, the dual gate patterns 16 and 17 are formed and 
silicide layer 26a is formed in the front face of the exposed silicon layer 9 next 
according to the process of the 1 st example ( drawing 7 (d)). 

[0058] By the way, the above-mentioned oxidation-resistant sidewall 12a has spread in 
5 the direction of the second active region 6 rather than the sidewall 12 of the 1st 
example. Thereby, the silicide layers 26a and 26b on the dual gate patterns 1 6 and 1 7 
become large. Consequently, even if the diffusion length of p type impurity and n type 
impurity is large, since the extension connects with the high concentration portions of p 
type impurity range 13 and n type impurity range 14, the silicide layers 26a and 26b 
10 connect certainly p type impurity range 13 and n type impurity range 14 electrically. 

(The 3rd example) In the above-mentioned example, although it is made to form the 
contact pads 30-33 in the source field or drain field of an MOS transistor, in not 
forming such contact pads 30-33, it performs a process as follows. 

[0059] First, the load transistor Q1 and Q2 The drive transistor Q3 and Q4 After 
15 finishing connection, it is drawing 8 (a). The layer insulation film 34 which covers all 
MOS transistors by the aluminum-oxide film (aluminum 203) 41, and consists of SOG 
continuously is formed so that it may be shown. Next, drawing 8 (b) A contact hole 35 is 
formed in the layer insulation film 34 so that it may be shown. Since the layer insulation 
film 34 has etch selectivity to an aluminum oxide, in case a contact hole 35 is formed, 
20 the wrap insulator layers 15 and 21 are removed neither in the WORD line patterns 18 
and 19 nor the dual gate patterns 16 and 17. And if sputtering etch removes 
alternatively the aluminum-oxide film 41 exposed from the contact hole 35, they will be 
the source / drain field SD 5. It appears. Moreover, the same effect is expectable, even 
if it replaces with oxidization aluminum NINIUMU and uses a SHIRIKONCHITSU-ized 
25 film. 

(Other examples) That patterning should just be carried out simultaneously with the 
wiring connected to a dual gate pattern, the above-mentioned contact pads 30-33 may 
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not be influenced by the formation process of a dual gate pattern, and patterning may 
be carried out simultaneously with the wiring connected to the dual gate pattern formed 
of the conventional process. At the conventional process, said opening 23 is formed by 
the usual photo lithography method. 
5 [0060] Moreover, the formation process of the dual gate of the above-mentioned 
example is applicable not only to CMOS of a SRAM cell but the gate of CMOS in the 
other semiconductor device. 
[0061] 

[Effect of the Invention] According to this invention, the silicide formation field of the 
10 semiconductor layer which consists of silicon by the oxidation-resistant sidewall formed 
in the self-adjustment target is covered, p type and an n type impurity are had good 
control of striking in any direction on some masks using this oxidation-resistant sidewalL 
After carrying out patterning of the semiconductor layer furthermore and forming a dual 
gate pattern The front face of a dual gate pattern is oxidized on a mask using an 
15 oxidation-resistant sidewall, and itis [ silicide-] made toize the front face of the 
semiconductor layer exposed by subsequently removing an oxidation-resistant sidewall 
alternatively. 

[0062] Therefore, at the dual gate, since the width of face of the silicide-ized field 
becomes very narrow, reduction-ization of the dual gate is attained and can carry out 

20 [ detailed ]-i2ing of the SRAM cell further. And since the oxidation-resistant sidewall 
formed in a self-adjustment target is used as an oxidation-resistant mask used in case 
some masks used in case impurity ion is injected into a semiconductor layer, and a part 
of firont face of a semiconductor layer are oxidized thermally, a throughput can be 
improved compared with the case where a mask is formed by photo lithography. 

25 [0063] Moreover, according to another this invention, the contact pad arranged to the 
field which is going to form a contact hole among active regions is formed from the 
electric conduction film which constitutes the wiring connected to the silicide layer 
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which appears in the front face of the gate electrode pattern of the MOS transistor 
formed in an active region. For this reason, since a silicide layer is estranged with a 
contact pad and arranged in case patterning of the contact pad is carried out, the need 
of adding the new process for both not connecting too hastily and moreover forming a 
5 contact pad is abolished, and it becomes possible to form positioning of a contact 
aperture into a self aryne to the source / drain diffusion layer. 



DESCRIPTION OF DRAWINGS 
10 

[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the 1st example of this invention, and is the plan (the 1) 
showing the formation process of the SRAM cell equipped with the dual gate. 
[Drawing 2] Drawing 2 is the 1st example of this invention, and is the plan (the 2) 
15 showing the formation process of the SRAM ceil equipped with the dual gate. 

[Drawing 3] Drawing 3 is drawing 1 (a) which shows the formation process of the SRAM 
cell of the 1st example of this invention. It is the cross section (the 1) seen from the 
A-A line. 

[Drawing 4] Drawing 4 is drawing 1 (a) which shows the formation process of the SRAM 
20 cell of the 1 st example of this invention. It is the cross section (the 2) seen from the 
A-A line. 

[Drawing 5] Drawing 5 is drawing 1 (a) which shows the formation process of the SRAM 
cell of the 1 st example of this invention. It is the cross section (the 3) seen from the 
A-A line. 

25 [Drawing 6] Drawing 6 is drawing 1 (a) which shows the formation process of the SRAM 
cell of the 1 st example of this invention. It is the cross section seen from the B-B line. 
[Drawing 7] Drawing 7 is the 2nd example of this invention, and is the cross section 
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showing the formation process of the SRAM cell equipped with the dual gate. 
[Drawing 8] Drawing 8 is the 3rd example of this invention, and is the cross section 
showing the formation process of the SRAM cell equipped with the dual gate. 
[Drawing 9] It is the circuit diagram of the general SRAM cell which uses six transistors. 
5 [Drawing 10] It is the plan of a SRAM cell showing the advanced technology. 
[Description of Notations] 

1 Silicon Substrate (Semiconductor Substrate) 

2 N Well 

3 P Well 

10 4 Field Insulator Layer 

5 First Active Region 

6 Second Active Region 

7 Eight Gate insulator layer 

9 Silicon Layer (Semiconductor Layer) 
15 10 BSG Film (Insulator Layer) 

1 1 Silicon Nitride 

12 Sidewall 

13 P Type Impurity Range 

14 N Type Impurity Range 

20 15 Si02 Film (Insulator Layer) 

16 17 Dual gate pattern 

18 19 WORD line pattern 

20n, 22n n type impurity diffusion field 

20p, 22p p type impurity diffusion field 
25 21 Sidewall 

23 Opening 

24 Electric Conduction Film 
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25 High-melting Point Metal Membranes 26a"26J Silicide Layer 
27 Wiring 

30-33 Contact pad 
34 Layer Insulation Film 
35-37 Contact hole 
38 Bit Line Connection 
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[0 0 0 8] i:<l?)T. CMOS'l'Vv'n— 3f^fl|fiS;-r5 

;v b vv'x ©y- h^i± p m^vn y-z^hz^ v 

pS h ^ t n Sj f ^ ^f^Sa-r 3 :fe*© 

[0 0 0 9] ^■©T3.r;i/y-h«lifii±. 7* 

(2) «en-Hsli« Oasaig et al. , IEEE TRANSACnONS OH EL 
ECIRON nEVICES. Vol.39, No.4. APRIL 1992. pp. 959-9 40 
66 

(3) BiJan Davari et al. . IEEE THAKSACTIOBS 0» HKI 
RON DEVICES, Vol. 39, No. 4. APRIL 1992, pp.967-975 

[0 0 10] 



i^iS^T-ZS 104 4 



(4)#II¥2-2139^a»Cffi«SnTV^ 

s. 

[0 0 1 1] Ljb^U t;V7T-7WV3V^>h*0S 

^Kffl*'3BSo *^lic:©.}:^:&PrgS{i:®*T*^n 
?fcfc©TSoT. •r3.T;l/y-h«jt©pl!^!&®« 
fc nM^Mtl«««:WS-S-ti:5rcJ6©v'U-9-^' m^g^ 
U L*^%.. ^■©5";'9-^Ki:SiiK'rsci: 
*<«igBBiBl*e>7 H8©Saaffl©iBP95^<'y K»%JB 

[0012] 

[MM%P5*-rs?fc«>©^g] 

( 1) ±E LrcR®«. E 1 ~ 6 fcM^-r s <fc a »c. ^ 
-IP^^i^^tr^-©¥SK*» 2 (owmic y^- 

jvYmmm4^jB^i^xm-<omitmm5^mmu ts^ 
m-.mmi^^^-^tsm-<o^mfi^m 3 commit 
my^-pi' vtmmA ^m&Lxm-<omitmm e ;srE 

iii-rsiaks t(J!2»-©?SttiK«5lcS««ie^-© 
^fiSlf*J12 i:tufB^^©}Stt^«E6lc*5|5iB^-©i|i 

K«gii^K4 (D±^c^m^^^^\^^m^<o^^mwm 9 % 

Jg^fSZS^. iJEm=©¥SI#H 9 ©±U:||-*« 
M:^«J**tf^-©«i»lil O^JgfiK-rsijBfcx t(r 

^-lOlSmmi 0^/^5'-:^V^t-5Ctlcj:»3. t3 

em-©sii^igE 6 ©tee¥#^i§ 3 ©«9%s£B-r <3 

i:i:'E.K:t5E^-©lteSKl 0 ©i»W«5tuiem-©?Stt 

MIS 5 ttaiBig— ©Tittle ©p^tetig-rs-'^^'-v 
«r}g^-rsnjgi:. >'^^'-^v^^n^i!jffi^-©«6i^ 
mi otmi^mi*iB3(o±icmmim(om-<oimm 

1 1 ^fgfig-rsiSi:. |«5m-©«6!gfflgl i%a:&it 
^Vi7LTtuffi^-©iteMim 1 0 ©ffl!l*tc]^6?Hi: 

m^t^xmmitit^-f k*?*-;!/ 12. 12a ^j^^k 

-©stt««?6 ©tfFEm=©^t!»<*:s 9 icm-m^^ 
nm^mK-rmmt. mim-<otmmi o^©^- 
iims^iW!m^^-©T©toiB^H©ifisj#» 9 icim. 

*Ot3IHMH©ifi|i#®9rt©Sz:*ma!Tii!e'®^ 
F'>*-;H 2, 12 a«[»*LTt(lffi^=©¥i»«:S 



(6) 



1tlS¥7-2 3 1 0 4 4 



9 osffio-aj^sm-r-sist ^ tmm^<oi¥-m^m 

±*^e.^-?gttfSJ«6©±lCS5®HtCMOS h^>i^ 

KS 2 6 a . 2 6b ^m^T^lMt^mt^ Ct^n 
[0 0 13] (2) MfBy-hS^mt^'^^'-Vl 6. 

1 7 LTt9is^-o?5iit«i« 5 fc* atais^ 

-VI 6, 1 0?S1£®iS6lC 

[0014] (3) taiey- hmmmt^^^-^^ i e . 20 
tt-9--f Kr>*-;V2 1 0:>m^}tmmac2&^:fy&. 

sct«#ai-rs (2) 0¥»ft««OSB£?JSte<J: 
[0 0 15] (4) taeffi^fttt^-l' F'>*-;V 1 2 a 
OJgrJg^U KMHO*eilM4 0^S?^ttJi-y^>^-r 30 

timm 1 0 <om^tc^^itmiiff:>msicmm=.<oiimjR 
4 0 -e-s . msm^<om^m 4 

0©/^^'-V^-^Xi'JcLTtijffi^-©if6iiyil 1«:S 

<Dfsmmi 1 is^^ii^im<t^^^ K'^^-^h 2 a* 
B^-r^jMb^mt^ct^rnkt-r^ (1) 

[0 0 16] (.5:> imy-ymmn^^i'->i 6, 1 « 
7 am|!g*fe^/^T 2 oj^^^n. icffiy- 
-VI 6. 1 7j&.umtEm--&xsm-<Dmmsi^5. 6 
*MfE->u-9-i' KM 2 6 a . 2 6b (oumtm-isi^mn 

/IrS'— VI 6±©->yi?-l' FJB2 6 a *^ P.'f(fcS"©K}|Ey 

- h mmwstf^i'-> 1 7 ±©»i»ia 1 5 ^m\^^f*m^ 

©iffly- V2 7 ©-ffl!l:^©i5IHM- 

si;m-©?gis«is?5 . 6 s-e§i€Hi«ti«m-©iB«s 

2 7 i:. flto5r©l8fBy- hfflii«l8P<^'-v 1 7 o±© 

->V^-f K»2 6 b*»C,-5j<o|9ey- 60 



10 

- V 1 6 <0±<Oiimm 1 5 *BH,^T— ;?©iuEy- hm 
m^mf^i'-iyl 6©fi!!l5^©|{FE«-Stfm-©?gtt« 

«e5. 6ST§i^ffi5naii-©ia«i2 s^m-rsx 

[0017] (6) t(Jffi^«ll2 4>&/^^-:^vy-rS 

iK3 et'^t^miEri^mmt^'omjmcmimwjmi:':)^ 

Snv^fi'h/^'y K3 2^fiefS<lt*^i:-rs 
(5) ©iNi{*SB©lBt*j*JcJ:t)^-r5. 
(7) t8S^-©?gttiBS5tefev^T, 20©l5Ey- 

hM»«-'^^»-vi 6. 1 7©WW©m-©¥l»»JB2 

©«stc?^j5K?nsy-x^*ssi , sz . Kwvfii 

SDu i:lul5y->M3¥^>'^^'-vi 6. l7i:»c<fco 
T^— Slf^— ©MOS h^Vi7::^^Qi , Q2 i>mm 
«n> t!SIBm=©?g1£«S«6t43l,>Tx 20©|3iBy- 
hmmw<^-:y 16, 17 ©isM©i|^f*iB 3 ©Sil 

ssas©Mos h^vi/j^^'Qs , Q4 ifm^tti. m 
iE^-j&tf ^ziciass 2 7. 2 8 J: o tuia^—mea 

©MOS h^Vv?;^^Qi, Q2 , Qs . Q4 iZi.*} S 
R A M-li;l/©7 U ^7 a yiHlSSft^JgjS? ti?>Ct^ 

msLt-rz (5) ©ifMi»«^B©teto5i*»cj:»)^-r 
s. 

[0018] (8) tu%^©^^«9U. 

V) 3 -yxii^^^n^ V 3 V©V>-rn3b>TaB S c i: 
k-r-5 (1) ©i<£Sli4^S©SS&:^»j:*>3afig-rSo 
(9) WE-yV'^^ KJi2 6 a. 2 6 b«, ■y-Uit'f H 

-.;,^;P->ijavT*SCJ:!Rpat-rs (1) ©^|i»f* 

[0 0 19] (1 0) MI2->'J-9-l' KJ12 6 a, 26b 
lU«;^^i:©-&^-e««<ii:#ai:-rs (i) © 

(11) ^-»i^iT:iW«&^ty«-©i|M»<«i2. 3 

5tm-©?g14tl*S6*EiS-r5xei:. tuC^-Stf 

^-©?git««5 . 6 ttamy^f-Ji^ vtgmm4 ©±te 

-V';=ivB9*?gj«-r5XS^> tufB'>Uavji9tcT 

mm^mxir^jMt. tts-> u 3 vji 9 ©«Bfcs- 
©teaasi s^mmi^. WEm-^ommsms twEss 
-©?m«« 6 ©F^©«igeT'Km-©iffii^a 1 5 ©-as 

^'--^■^•rs.ct^ii*). t5ieg§n^2 3*WLj.-p 

l9iem-©?SHSffi«5 tt5iSSg-©?g1£®«6lc}g«? 
nS2O©M0S h^Vv^X^Qi . Qs (D^-hMm 

MM^»-vi 6%-<*69icjgfii-rsxai:. tmrna^ 
2 3 ^©loie'V u 3 va 9 ©«EiK}fBy- hwsffl-'^ 
V 1 6 ©wffi!i7j©«iiB^-&t;®^©gfiffi« 5 . 



11 



(7) 



1tlg¥7-2 3 1 0 4 4 

12 



6tomStlCi^V^^)fmZ6a. 2 6 c. 2 6 d, 2 
6g. 2 6 f ^grJ^^KfSXSt, luffii^U+J-'l' K®2 6 
a. 2 6 c, 2 6d. 2 6g, 2 6 f i:S:4S#J^^jb^c, 
4SW^K2 4^J^fiK-r5lSi:. t5IB#«K2 4^/1 

6<D±Ov'U'9--i' Kjl2 6 afc^^nS^— CDiE 
® 2 8 tuEm-Orgtt^«5 •9--I' 2 6 d 

jc:ssK«nsm-©sa2 7 i:, msss—ommme 

(0'>V^-f K»2 6 gtg]^5n5l|H©E^2 7*Jg 

^Lx m^fc, tulB^— ai;^z:©r£ttM«E5. 6© J: 

fc^^^nsav^^ h*— ;i/3 5 <Dm^mmRzs^(o 

So 

[0 0 2 0] (1 2) t(}E'>y-9--rKJi2 6 a. 2 6 

c. 2 6d, 2 6g, 2 6 f a. K»CJ:-3T?g 
m^tl^Ct^mSltT^ (10) Oiji»<*^fg«DSBft 

(1 3) B!jffi3smK2 4a3J>'i^>^7^v, Sft^^fv. 

J«^nTv^sci:;sr!|ta^:•rs (s) 3it± (i o) co^ 

[0 0 2 13 ci 4:> tm^~hmmm^^^->i 6 
a. m—m^^^mmm i 3 tm—m^^n 

•&*fS«l 4^#U f3Ey-h«ffiffl/1^r-Vl 6± 

©i'U-y-'r KiS 2 6 a aKm-l|^:^;ifi6^#®J« 1 

stmm-m^^mm^mmii 4^®teLTt>sc: 
t*#ai:"r« (1 o) (oimi*^<o9m^ic^^ 

[0022] (1 5) iNff*:]l2, SO^-^^-Ojgtt 

6ts toey— h«8iffl>'<^»— >i 6(o±to—mcm^ 

■StiftiyV'^-f K»2 6 a tfMEy- hmSSm^^^- 
VI 6<D±ltJgJ5E$tXfci";-9-^ K)12 6 a*^?.tijffi^ 
— Stf^-<Drg1^iS5. 6tSl9Ef«i3ta2 St. tu 
SBfil2 8*«|jS-r*l»«Bl2 4*p6JgfiK$nx *^Ox 

[0023] (1 6) i|£#f*®2, 3©§-5gttffiig 
5. 6^H€f7-f-;i/m{tK4i:; MEJgttffi«5, 
6U:*5|&ei|ilW»:jB2. 3 0«ffifcJg^EJn:fe-y— h 

-'i^'-vie. 1 7fc. i(rsy-h«ai/^^r-vi 6, 

1 7 0±®— a5tCj^jie^tl/£:'>'J1?--i'FM2 6 a. 2 6 
bilx WCy— h®ffi/^^t— VI 6. 1 7±<Oiy'V^-< 



KM26a. 2 6 btegl^?n5ES2 7. 28i:, tu 
Ei3»2 7.2 8 ««l«-rS»«ii2 4 *>?,Jg«$tl. 

[0 0 2 4] ciD^^mi^mz, 3©-5-^^-©?gtt 

«is 5 tf^—(DfB^mi^ 6 %iatf 7 vm^tm 4 
Eitiigf*« 2 , 3 JE-n^tijgfiE* nfcy- h m 

EB— sifm— ©y- h^ffi^^^f— V 16, 17 
•^'noaffi^ra^itsgKi 5 ©upas 2 smcmmtEti 

fti^V*)-^ K» 2 6 a , 2 6 b t?ffie^-oy- 
W^^-l/ 1 6©±lc?gfig$tlf">y 1?--r K«2 6 a** 

20 <o±icmm-sritz->v'>)--f K» 2 6 b *^e.t(jie^— ©y 

- hwm^^^-iy 1 6 *Kv^7?j3l5m— ©?gtt®ja6 0 

t . mim—Rum—coM^ 27, 28 ^m^-r s 3»a 
h/^-y H3 2 t%m-r^ct^mAtt^^imm 

[0 0 2 5] t5ffi2/U'9-i' KJI2 6 a, 2 6b 

30 5) Xli (1 6) 0¥»4*SB©SBi»&|£k:<kl3»Str 
(19) t3E»SIS2 4ti, ^fvyx-T^v, g^t^af 

^m^SLsnxi^^^ct^msLtt^ (s) (i 5) 

Xt± (1 6) S«©¥SI»«a©8Bt7?}£tJ:5j!¥8fr 
[0 0 2 6] 

[f^ ffl] *%BJlcJ:mJ. iBS-&6<I»cJgfiK^nfcB 
v;;^ ^ o—asfcMffl LT p astf n SO^JJfiifSl 
-;V%-T;^^icffiffiLTxa.7;i/y- h/^^f— v<d^® 

[0 0 2 7] L;rt*^-3T. •ri7';l/y— ht;tet,'«T> i' 

60 ^wy-KDHi/jN'ffcft'Rrfiik:**), sRAM-fe^votsaiffc 



(8) 



1tM¥ 7-23 1 044 
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[0 0 2 8] "ttz. SiJ<D2|s:^WtCJ:nif. Sitt®«<D-5 
CO 0 2 9] 

1 mmm) ssitk. ^sk^o^wk^s cmo s 

-^ly^^-^^^mTLtz S R AM-b;V<iDSBiXS*8iBJ-r 20 
5. 02 a. S R AM-fe;l/©SBtXS%^f¥M 

0s 03~05li. •?-©SBgJje«rH 1 (a) <DA-ASg 

lig^ET 1 (a) © B - B»»ra5*f»5Bfc»Bnje*3^-r 

[00303 *-r. MOS h^:/5^:x^f««Jgj«*tlSjS 

tt«Ja*EB-rs*T'©is*^B:^-rSc ■ m i (a) ' 

;l/2 iiP'i»j:;l/3««Jg^$nTV'S. ^©N^?x;V2t 
4*^^?K'ft:Slc<fc!3JgfiK^nTU^So NT>x;V2te;te 

v^T a. :7 ^ — Hi^ei^K 4 ic i vffiA^ins u ^m<om 

[003 1] *43. JKT©XSk:j:oTx ©JStt^ 
*S5»CB. BI9k:3^-rSRAM<iD:&?th^i^i^>^i' 

Qi , Q2 tt3i:s>pmuos h'y-:yi^:^iitli2-OBl&t^ 40 

^ve;^3»i6(«4ojg^**isci:te*«. cmo 
□jbuias, 03(a) ic^-r^-pic. m-&xfm-(om 

e««5, 6ft»e.»iB-rSN*>i;V2SlfP'>x;V3<D 
ftbTSi02!{>^c.:S:«y-Mte»K7, 8«5 0~10 0 

[00323 ttv^T, y ^ mma 4 tm-Rum » 
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r©TgttM«l5, 60±lCCVDa»C<fc»33fS®Xti^ 
(ijiWftB) 9^1 50 0-2 500 

AOiPSlCfiKfiLs *?.ICBSG (boro-silicate glas 

s)Ki 0^1 0 0 0 — 4 0 0 0 k(om-?[\cmMT^. ^ 

0 B S cm 1 0 rttca pffi^M^i: LT*:'^^*^ 1 X 1 

atoms/cm* ©afa^-e^SnTV-S. 
[0 0 3 3] CO^tC, 03(b) fc^-r <fc ICs 
UVy^:7^-j£tCj;5»BSGffil 0«r-'^:S'-->'y 
U P'>x;V3*^?g^?nTV-'«««3t)r»5B SGKl 0 

%^*-rs» /^^'--vy^nifeBSGjii ooig^ 

a. N'i7x;V2 iiP-^x ;!/ 3 ©i^^SSL 
PiS?^©¥®g«»c-rS. 5^V>T. 03(c) ic5^-r*^ 
k:. CVDSfCfcoTBSGBil OtS^U3>Ji9©± 
lC5/U3V^Ttl^l 1:^1 0 0 0 — 2 0 0 0 A<DJP*t 
fig«U ^V^-Ps (R I E) 

fc:*t)5/y3i/SfldBli i*SJ?S*:aTftteX'j>^>'y 

[0 0 3 4] cniciDs N'>x;V2 i:P'>x;V3©« 

L B S G M 1 0 ©iit<D<BllffitC U 3 VSfk 

Ki 1 ^SS?65»c«#^-i*So c:©->U3V^ftMi 0 

nic#v\ B S G K 1 0 ©flJ^OtJ-'l' K*? ;v 1 
2©JF®Jg«S0l (b) Jc55-r*-5*PiSt?fc:*Sc 
VTs B S GK 1 0&tf-9--l' K'>*— 71' 1 2 ;&-^X^»c 
iSMbr. P'>x7l/3#Mlc#fe-rS->U=i>'ii9 0J:S 

^icat^-^s$o * ^ * n m^ma^^ :t >a A-r s c s 

e, ic. 2/ y 3 9 »ca A« tut n S^RPfiiKl^tt^t 

B s G K 1 0 jR*-?-«DT©->y 3 

9 IcSEii-r Sfcfelc. B S G K 1 0 U 3 9 * 

9 oot;Sfi<DaSETin^-r«. <:mcj:ti. bsgm 

1 0©TOS/U3^'Jl9t±^?6(JtSl X 1 02" atoms/ 

cm» (Opa^!f&««i 3t*»5, >i':i-vax«nfc« 

JS©-> y 3 9 a^iffiiKiaiS 1 X 1 0 »> atoms/cmS © 
nM^ife^l 4i:*5o CC^g-. 2^y3VJS9© 
d •eiJ-'f K^'*-;^ 1 2 »«:HfenTV^Sffi«T«. pS 

[0 0 3 5] IKV^T> 04 (a) tCg^f * -5 K:. WSy "J 
HKlioTBSGRl 0*i^?e5K:|»*L?£^fc. 
Y^^—A'l 2;grWK{ttt^::^^'fc:ffiMLT->y 3VM 
9<D«S%^{tLT^5 0 0— 1 OOOAOSiOaK 

1 2<OTfc»±Si02 8|l 5 *^fiKsn*v-'©-rs CCt 
lis SiOaRl 5©PPa52 3 ft^PI^teJB^SnSC: ilc 

[0 0 3 6] *:fes COfBiSrbO^fcs tSSLfeB S G 

1^1 0*^?.©'>y3vM9'^©pS^ifiE!K&©l£iifc->y 

3 >JI 9 rt© n S^?Sl©?Stt{k*l^^»c?f t3 T t. J: 
V^o C©*&lca. BSGKl Oli^*^-fK:^©S* 
i'y3>'«9©±Jc:«"reii:lc*5„ ^te, MOS Y'^ 
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(9) 



#K¥7-2 3 1 0 4 4 
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[0 0 3 7] Bii(c) Srf04(b) te:g5"ri-5lc. 7* 
h V V y tc .t; t> 5"; =1 >'B 9 i: •?-o±osi(h 

tllC^f). 5 fc^-©J§1t«ia 6 

20<DXh^'f:^05*3.7';l"y— b-'^^— :/l 6, 1 

7*^^(8iLrjg5ef 5c c:ne.oxv5-i':r>'-?3'-vi 
6 . nit. m-©?gtt«ig 5 © T ^o«i«itc3**s-r s 

s. 

[0 0 3 8] c:©J:'5*-r3.7';l/y— h-'^^— >1 6, 

:xr)iv-}'^^-$'->i 6, 1 7 t.m.Si-rz:^mcmrj 

5'7-K^-l'V/^^-Vl 8«Jg^-r5. =T=L7J\/f— 
h^^^f-Vie. 1 7©-5-^^— 0?gtt«lS5lcfi%5 

[0 0 3 9] 01(c) Ic:fel,->T^ 2-S)©!7— 

-l'V-'^3»— VI 8, 1 9*^}gj«?nTV^S. cniiv ^ 

CJcli. SiJ©S RAM-fe;l'©'7-K^-l'>'l 9*^Jgj«^ 
?Jf»c. MOS h'7Vi?;^^'©LDD«Kt©V 

[0 0 4 0] 04(b) VL'^ti.^Mi. ^-J^O^^^:? 

JSK-rS. -tO^MifemStt 1 X 1 0" ~ 1 X 1 0" atom 

^m-©jgtt^iS 6 IC ^ >aA b TSO^ n ^^^ffi 
«Sce 2 0 n ^JgJSg-rSo ^-O^ifelifteii 1 x 1 0 >« ~ 

1 X 1 0»9 atoms /cm^ C tl?)© plilitf nS 

©^f&*W vaXf « I5K:«. 7 -f -7V KlSSe 4 
i:T'3.T;Vy— h-'^a'— 6, 1 7s y—V^-fZ/zi. AO 
a'-V18. 1 9%^Xi>i:LTffiffl-rS, 

[0 0 4 13 mi^r. #«:fcSi02©J:-5*iffiSK*C V 
DSlcJ;t) 1 0 0 0 A©JPSlcjg^L?'c^fc. 02 (a) 
iCa^-TJcdfc. c©iteigiK*R I Ej£li:J:t)^SitX'> 
^Vi'LT-r3.7';Vy— h-'^af— VI 6. 1 7Sl/'7— 
K^-1' V-'^^-V 1 8. 1 9©fi[I®lCifeigitt-9-i'H!>* 

—VI 6. 1 7Sr5'7-K-7'l'V/^af— VI 8. 19© 

[0 0 4 2] ^-LT, 7*ji77Vy-h/^3»-Vl 6. 1 60 



7. y-K^-fV^I^J-VrS. 1 9^ 7-^'--'l/K*eiS 

IS4Rtft?--f K'>*-;i'2 i%v:x^^K:ffifflLT. 
©?gttfs« 5 izii^^^m(o^ o % pa^$6«a^-r * va 

AU tife. ^^©}ga««6lC{i«©i^*nS^i|se 
«&«-i':d-vaALT. •f-ne.©®lS»!:04 (c) tc^fJ: 

5 * pi!^iie%ii2:swg 2 2 p nm^m^mm 2 2 n 
^SKjgBK-rSo ii©^-&. pS^*EW;swi2 2 p© 

^mmAii 1 X 1 020 atoms /cb? . nS^M%S£i( 

g 2 2 n©^!B(«*a 1 X 1 0» atoBS /ca? 

5o 

[0 0 4 3] «:;te. pMt nS©^M!fe*tT^^t^S» 
0g^L*V^7* M'v';^h©^^a»— V%v;^^' 
i: LT^ffl-rSo Je^-h© n^TitfWi 2 0 n , 2 2 n t 
pS^%lll£tWS2 0 n. 2 2 plca:t)LDD«ifi©V 
HWvffiigA^^^^n. MOSh^vs^x 

Qi , Q2 . E»|h^V-:^;^iiQ3 , Q4 RXS^h'y 

vv^xa'Qs . Q6 i}^m-. m^commsms. 

«E-rS (02(a))o 

[0 0 4 4] :klc. ■rjL7';Vy— h>'^^— VI 6. 17 
±©e/U 3 vS^tMJ: ti^S-y-^' K'J'*-;!' l 2 
illcArsTKfSU cnicj:?). 02(b) ic^-r*-? 

IC. h-'^^— V] 6, 1 7©5/';=iv;i9 

%®ffl-r5fcl6©gfPSP2 3*gBP-r«. iS5. -VU^V 
S{kS*»?*S-9-'f' K'>*-;H 2©if^l±. i/'jnv 

m 9 ©ssffi*»{tLTSi02R 1 5 ^m&vftm^icn-o 

[0 0 4 5] •9-yi?--r Ka%ti:i;oT-vU3VJl 

©«Mfc->U'9-'f K«%jK^-rsnjefcA«, 05(a) 

> 06(a) IC^-r-fc -5 =&h^Vi7X^%a-5 Ji'P 
lcCo> Tis Ni^-©fifi©^fii2 5*;^^^ya»{::<J:»jJg^ 
L:fe^fc:, •f-©^«Bl2 5*6 0 0~7 0 0■CT^^I»•r 
S. Cn»CJ:t). 02(b) . 05(a) . 06(a) iC^T 
J:^lc. xaL7;l/y-h/^:S'-Vl 6, 1 7«r«J5lt-r5 
5'y3V®9©^-5©ISPgP2 33t)^?.StilLfca55}-©^ 
Bi:. XiT/l'-y-h/^^'-Vl 6. l7BLrf'7-F^ 
-l'V>'^3r— VI 8, 1 9 tcatetl^V^m— ©?S 

(V-7./KWV««) 5, etc^fes-vyrjv 
»©«Bt. •?-n^n^«S^V'9--f K/i2 6 a~2 6 J 
^Jgfig-rSo ^IIK2 StLTTi. Co. NiA^St). ^■© 

KtiTiSi, CoSis NiSiTa5«o cniCl^V^T. 
05(b) . 06(b) t3^-r*'5fc. H2O2+H2SO4 
lcj:5^7x>y hx>y^vi^jilcJ;-3T-vy 3Vi:SfSL " 
**^-2:rc^MK2 5%^65lc|^*-r5. 
©^tcm 2 ©^S^iD^T J: V\ 
[0046] CtllCj:?), i'U1?-^K2 6 a. 2 6b* 
^>LT7'i7';l/y— h-»^:J'-Vl 6. 17rt©pl!^;M 

1 3 i: n wpFmnmm i 4 x ^ 7;!/ 
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[0 0 4 73 P VDS^ CVBmmiCii*}. MOS 

:/-:^;^^^«^Tiw. tin, :j<y9--i'K -^u+f-f 

t). 02(c) ic^t-^^t. ft^gf^^>-:^X:^fQl (q 

2 ) <DFW:/«»SDi (D2 ) J:B»h^v5?:;^^'Q 

3 (Q4 ) OKWVffiJtDs (D4) %^!KLT2iS 
<DCMOS'r>'/<-3f*«^f ■5fcai>©lEiS2 7 (2 
8) ^JgJK-rSkfcfel::, ^ne,OB»2 7 (2 8) 

(1 7) ^f&^Xm<OCMOS-^>^^'-i'(0'fa.TJV^ 
— hM^f— VI 7 (16) <D5'U'9->f KB2 6 b (2 6 
a) StfMtf LTi>aX*>yyiJ V^'^?T^<, 
2O0ft#h^Vv'X3'Qi . Qj <D$ta*y— X«ig 
Si2SCf^<D^Hi:^ 2-Q©Sl&h^Vv»;^^'Q» . Q 

©y-:^/KWV^iSS Ds , SDb St5-?-OSHi: 
t^E-n^'txaV^f^'l-^^-y F3 0~3 3*Jg^-rS (H 

6 (c) #Bg) c 

[0 0 4 8] cn^<OZl>iiii7h/^'yV 3 0-^3 3(0— 
>'^;5f-Vl 8. 1 9<D— SP»cS*S*^ ^n?.tijtt(cS 

as-rsct«ftv>. xa.7';i'y-h>'^^»-v 

16, 1 7^7— F-^^V^^i»-Vl 8. 19K:a*B» 

m i 5 ,' 2 1 *^Jg^^nTV^S*>^-e35Sc Ji(±©<fc'5 
fcs R AM-fe;i/^«ifie-rs efflOMOS h^Vv?^^® 

[0 0 4 9] 06(d) li:5^fJ:5»C> UOSh^-yi^T. 

in^cvDmnK)^^ mmmm 3 4 a r-a-a tcmc 

^^^^rS'-rLVi^bT^v^f^h*-;!' (PF^W) 
Ltcmic, m^i^mms 4 a<D±»i:^v^^;^7"v-^T;i/ 
5->> A* HO— )■ S^K^X/^ •>> ^ fc ,fc 5 JgfigL. 

cn^>'<3»-^v^'LT«ag®si*?gfig'rs. 

[0 0 5 0] :^(c. mzKom^S^ms 4 btcj: 
ia»«ra-3?5:«te. m-Rtfag:n©«fi5ieiB®i3 4 a. 
3 4 b^/-?^— J:iV^''LT2 0«D<B3lh^Vi7X:5f 
Qs , Q6 ©V— X/HWVffilSS Ds . SDs 0-5 
■^e>yH9BL, BL/^-:feg0KLi;-5 tfSMiSlca 
v^'tJ'h*— ;i'3 5*)^fiK-rSo nv^f^'h 
*-;l/3 5 %?g^L<fc ^ t-rs^HEOTlclin v^^i^ f 
. -'S^;' K 3 2 tU ^-©=1 V^f i' b>'^-y F 3 2 ©— 

a!»y--X/FWVtBi«SD5 . SD6 fc^snx 
©T. =i>^i^h iH-;i'Jg«©IS©«Jtt^x H 
©ffi@-&fe^©3i%*S««it«« tiT v> 

[005 1] \iT4^'-A'RXf=i->i"^ h*— ;l/3 5«Jg 
fieb?t«te. ^=OjBli8f68ail3 4bO±i3Vir^h 
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LTe-j> HK3 8«jg^u '?'-i'-v*;-;i'&r;3v^i' 

h 3 5 *a LTHSm h ^ V5?X 90yV—7./ F U 
-fV^lgESDs . SDs fc^M-rSo *43> 20©^Sl 

h'^vs^x^jjQs , Q4 ©*^a*y-x««S34 ©±Ji: 

«3V:5'^> hd^-;V3 6J&:n-LTVss«j!iiB«i^. |BI« 
tLT. 20©:&MF-7Vi;>X3'Q5 , Qs ©^fi:6:y 
-XMiie S 12 ©±tCl± 3 VrJf h d^— ;I/ 3 7 LT V 
cc«iliiB»%ttSi»g^mti:J;??J^fie-rs (02 

10 (c))o 

[0 0 5 2] ^■n?>©3V3?i' h3f;-;V3 6. 3 7©T 
fcli, iieUfe.fcdtcaV^^hv'^';; F3 0. 3 1 
^^nrvSOT, 3V^'^'h*-;V3 6. 3 7*}g^ 

■rsfs©&M-&*3-i^fc5^^@*^T'^s. ici^T. ±iaL 

7'i7';l/y-h>'^^'-Vl 6. 1 7©±®© 
-V y iff' FS 2 6 a , 2 6b li. i B^e^fc?^^? tx 
:fci|8©$lEV-'1J-WF'>*-;Vl 2*^K5*Stlfc«S*tJgfi!t 
^nr(/->S©7f. ■?-©^U'9-i' F^2 6 a, 2 6 b©® 
©l±0.2X0.3/tmSa[t®i6T?K<*5o i:©i^ll. 
M -vy-9--YFJl2 6a. 2 6 b©®«««/J>«<3S:oft5^:« 
m-©}S1$^« 5 t ^-(D^W$. 6 ©S©mSI^ 

[0 0 5 3] Sfc. 7='i7';l'y— h>'^^'— VI 6, 17 
©-V U F« 2 6 a . 2 6b ©±t JB^-T SMKfttt 
tr>,^^_v%^* F y y y^:? w-k: J: DJg^f S c i: 
fc#x.e.n5o L*>u 7* b'jyy^^-f-ki.tn 
tf, Pi?x h/^^'- v©jg^xS*^int>S c i:fc:^s© 
■p. 7*FvX*':5:H©tiEa-&t)^5S%«^5|«-r5*SS 
30 *^^i:^<^f-v*^:*:*<*Si:v^-5^-&a«S. 

-V Vi5^;vy- F ©*&»caWS&^:?^i:*So 
[0054] ±SL:feStWet4. 1 o© S R AM-feyl/© 

a©SRAM-b;l/*««±tJgjS«ns. ±f2L 

fcSJflS-eii. B s GKi 0%/<^f--vyLr|g-©s 
e^i^scs/ynvBg^Sffl-rsAajtL^s:*^ BS 

GUI O©^^*?^^? S GK (^03^) *Jg^U C© 
P S Gil«/<^»-:^vybT^-©tgffii»a5i[|©-Vy 
40 3V»9;g:Sttl-rsJ:'5fi:LTfc<fcV\ c©*^, ■?-© 

p s G)K*>e.->y 3vM9»cy v^ffitsc-r«i;t«>ic. 
p sGK^cat>n*w^->y3vS9^!:l±B^ bf2©-< 
*V3&aA> IfiftfSo c©»&. •9--rF'>*^;H 2 
a. PSGK©Mglcjg^-r«„ 
(m2*fiSM) ■ra7;vy-h^i^'-vi 
6. 1 7©pS:i^%««ll 3i:nS:^iBllS«l 4© 
a^lC'V y ■9-1' FS 2 6 a . 2 6b ^Jg^f 5X@ti3 
V^T «x =t<mm^o^ p S^ife t n S!^!BJ©fflSi£ 
< > ±|BU^1?--1' F"?*-;!/ 1 2 ©ffi»?SttT 
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[0 0 5 5] ^T. 03(b) K^tvmt^-oit^ic, 

m 7 (a) fc^f <t a B s G ^ 1 0 t^^mii^m 9 <d±ic 

w^ijp s GK4 o^s/uaMirtBii i(o±icm 

^!®©^4a^n<DffiS5tg©2«iefis Mil«5 00 0 
AOJP^lC-rSe P S G|g4 OBX hUXftV^^v^O 

MP^jP< LTfeSI^S*^*t\ 10 
[0 0 5 63:^lc, E7(b) lc5^-r<fc'5»i:. P S GK4 
O^R I E}£»ca:!3lllS®it:6-i^tcS:)?ttx>y^>'^L. 
cn»i:a:tlx B SGKl 0<D»ep©JSiBK^C52/U3 
VMffcK 1 1 (D^comSlc Oi^ii P S G IK 4 0 
•^3c ■?■LT^ /'?^--:yty^tl?J:PS GK4 O^vx 
i'»cLT->y3V1g{fclil l^X-y^V^^-rSfcx H7 
(c) lc^-rj:-5tCv B S GMl 0<Dffl!l:^»i:->U3VS-ft 

[0057] co«»c. ^ 1 fiasMTStWL^injeteta! 

1 3 1 nm^mmi^ 1 4 ^mm-r^o ov^t. b s g 

Kl 0^^*bT*^?>. 07(c) »c5^-rj:-5»c. Itl'K 

;!/ 1 2 a »ca*>nft iz-'S' y 3 i/m 9 o^*»{fc 

LTSi02ffi] S^rJ^^-rSc C©^fC, 2/U3V»9;& 
y^^i-^>^LT7'a.7';l'y-h^^^f— i'l 6. 17* 

-b/^^f-Vl 6. 1 7%JBj«U SmL;fe->y=3i^® 

9 o^ffifcn 1 *ssMoxs»c:«e-D Ts/ y ij-^r km 2 e 

a^Jgfig-rS (07(d))o 30 
[0 0 5 8] ic:?.-^. ±fBLft:iitSft:tt<D1?-'r K-^* 
-^l/ 1 2 a m 1 SISfi«l©-9--<' K-^^-^V 1 2 J: t) 

3.7';Vy— h/^:J'— >'l 6. 1 7 0±0->y'9--i' KM 2 
6a, 2 6b*^l£<:6:S, pM^iK^JtiiS 
^!B<DJl£SiK«*l':^* < T y ■9->f H» 2 6 a . 

2 6 b a. ■?-oa3ifc J; U pS^ifie^S^iS 1 3 i: nM'F 

il«%ffi«l 4 01if«fil»^»C^$tlS©T?. pS^M 
1 3 h nm^mm 1 4 «S^;<:«^fi«;(<:g^j|^ 

"^So 40 

(M3lliffiM) ±ELfcSISa[M-Pt±. MOS K^^^v^X 
^'<DV-;^fS«Xtt K Wl.'^lca v^'i' Y^^-j K 3 
0~3 3*?gfig-rs<J;5»cLTv-'S*% c:<D<fc-5*=i> 
h/^y K3 0-3 3*}gj*LS:V'>i&&tct±, 

[0 0 5 9] S-fx m?^h9i/i?X^fQi . Q2 tlBKi 

K^Vi?;^;SfQ3 , Q4 OgfSK^i^^fc^lC. 08(a) 

— 'JAffi (Al203)4 ITflll/V aVTSOG«k»3*SS 
fiMS»K3 4*}gj«rSo mc. H8(b) lC55-r*"5»C 60 
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mic^ 7— K'^-i'>/^^-Vl 8. 1 9-^-ra7;l/y- 
K^^^r-Vl 6. 1 7*«^*ei^l 5. 2 iJb^itS? 
nSCtli*V\ ^-LT, nv^f^^ K*— 71/3 5 3!p6a 

aiLfc^fkT;l/5^'>AM4 1 *X/^>y:5'x-y^lcJ:-5 

rm^im^iriv,£v-xy k w s ds 

ns. »{[:7;P5:=.-'>AJcf^^T->y3>'^-y 
(^■©ft&©«SgM) ±mVtz=i>ixi7 hz-^-y K3 0-3 

t>JfBL?5:iipgi5 2 sa. mi9<Dy * h vv y^y ^ -m 

[0 0 6 0] ±geL?5:||»fie!I©7'3.7';Vy- ho 
njJ(i1.©ili|pi*^S»c:j3tJ« CMO S ©y- hlCtSffl 
[006 1] 

^ii&K{ktt'9--r Kr^^-^WcJc-aTi^y^Viti^Sifi 
»^*:H©->yi}--i'K»j5g«S«*«vx c:©iHilfi:14-9-^' 

ic^^-r s c i: fc J: »3 sa Lfci{^i*®©affi%i' y -y- 

I' KitrSi-JteLTV-'S. 
[0 0 6 2] L;fe*'oT. T^iT^py— KlCfet-^T. -> 

y ■y--Y K{fr3®i^©<si±®iiT5^ < *s ©t% -r 3. t' 
;vy- h ©ifil/^fl:*' RTfiiU:* >) . s R A M-fe7P** S t 

[0 0 6 3] S!l©2*^Kik:<fentf, ?gtt««©-5 
^>5?;^af©y-K®ffi/^3r— >'©«sicisnsi'y-9- 

'I' K)llcgi^?nSi3SS*«fiK'rs««M*^?,JgfiKLT 
V^5o C©:fe«>. h-'^-y K*/^:5f--Vy-r3 

IStoyif^' KJHi3>i»i' Yt^^y YtM^t.t\.xmm. 
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(^-^0 2) TfeSo 10 
[03] @3li. *^0^^O^l*S£0!IOSRAM-fe;l/O 
Jg^xS^r^-THi (a) OA-AiK*^&M;^cBfS0 

[04] 04 li. *^BJC>mi*g£M^OS R AM-fe;VO 
Jg^XS^&^f 01 (a) C>A~A»*>e>MfcBfffi0 

[0 5] 05li:. RAM'fe;l/0 
Jg^XS^^-THl (a) OA"-Alte3b^t,^;fe|BfBH (Jf^ 
^03) T*So 

[06] 06 ti. *5IM0^1||fflM0SRAM-fe;l/(D 20 
?gj«Zje^5^r 0 1 (a) o B - B «3b^ 6m:fe»rE0"e* 

So 

[07] 07 tt. 2|s:^om2SlffSMTfeoT. -r^rT 

h*ffi|iL:fe s R AM-b;i/©j]g^n:s*^1-BfB0 

[08] 08 ti:. *SIWOm3SBMMTSoT. -ra.T 
h«:«^fc S R AM-fe7l/OJB^S:&5^-rBf0S0 

[0 9] BiSOh-^Vv^X^^^^^Sffi-rS— j3S:6g:&SRA 
M'fe;VO|lIK0T36So 30 
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